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Speoial  Features  of  the  Motion  of  Satellites 

By 

S.G.  Aleksandrov,  R.  Ye  Federov 


As  a  satellite  moves  about  an  elliptlo  orbit  (Fig.  5)  its  height  over 
the  earth's  surface  h  varies.  In  a  particular  case,  when  the  height  of  the 
apogee  and  perigee  are  identioal,  the  orbit  is  circular  and  the  height  of  the 
satellite  over  the  earth's  surfaoe  is  at  all  times  oonstant  (Fig.  6).  The 
degree  that  the  orbit  is  drawn  out  oan  be  characterised  by  its  eooentrioity. 
The  eooentrioity,  the  semi major  axis  of  the  orbit,  the  perigeal  and  apogeal 
distanoes  are  interrelated  by  relations  (1.20)  and  (1,23). 

It  follows  from  these  relations  that  the  semimajor  axis  is  equal  to  the 


average  distance  of  the  satellite  from  the  center  of  the  earthi 
a  •  R  +  hp  *  ha 


(1.32) 


and  the  eooentrioity  of  the  orbit  depends  on  the  difference  of  heights  of 
the  apogee  and  perigees 

e  -  h» .  "  (1.33) 

2a 

Sinoe  the  semimajor  axis  of  the  elliptic  oxtoit  is  equal  to  the  average  dis¬ 
tance  of  the  satellite  from  the  earth's  oenter,  the  oircling  time  of  the 
satellite  around  the  earth  depends,  in  aooordanoe  with  formula  (l,3l),  on 
the  average  height  of  its  flight  (Table  6). 
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Wa  see  from  the  data  in  Table  6  that  at  an  average  flight  altitude  of 
several  hundred  of  kilometers,  the  satellite  oiroling  time  is  about  1.5  hr, 
at  a  height  of  1690  km  it  is  2  hr,  and  at  a  height  of  35 >800  km  the  oiroling 
time  equals  a  sideral  day  (the  rotation  time  of  the  earth  around  its  axis). 


* 


Fig.  5.  Orbit  of  satellite 
R  ■  earth's  radius;  h  ■  height 
of  satellite  over  the  earth's 
surfaoe;  P  -  point  of  perigee; 

A  »  point  of  apogee;  0  ■  earth's 
oenter 


Fig.  6.  ELliptio  and  circular 
orbits  of  satellite 


A  satellite  launohed  in  an  eastward  direction  and  put  into  a  circular 
orbit  lying  in  the  equatorial  plane  at  a  height  of  35>800  km  would  at  all 
times  be  over  one  and  the  same  point  on  the  earth's  surfaoe. 

As  a  satellite  moves  about  a  circular  orbit  its  velooity  is  oonstant 
and  equal  to  the  circular  velooity  at  the  flight  altitude  of  the  satellite. 

The  values  of  the  circular  orbit  for  different  heights  are  given  In 
Table  7. 

The  circular  velooity  near  the  earth's  surfaoe  is  about  7900  m/seo. 
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With  an  increase  in  the  height  the  oiroular  velocity  decreases.  It  is  about 
3070  m/sec  for  a  height  of  35*200  km  (an  orbit  with  a  period  of  about  24  hr) 


TABLE  6 

Circling  Time  of  Satellite 

Average  flight  Ciroling  time,  Average  flight  Ciroling  time 

altitude,  km  hr.  altitude,  km  hr. 


0 

1,41 

1690 

2,00 

250 

1,49 

2000 

2,12 

500 

1,58 

5000 

3,35 

750 

1,66 

10000 

5,78 

1000 

1,75 

35800 

23,935 

1500 

1,93 

As  a  satellite  move  about  an  elliptic  orbit,  its  velocity  changes 
periodically,  reaohing  a  maximum  value  at  the  perigee  and  a  minimum  value 
at  the  apogee  of  the  orbit.  The  velocity  of  the  satellite  at  the  perigee 
exceeds  the  oiroular  velooity  at  the  perigeal  height,  and  the  velooity  at 
the  apogee  is  less  than  the  oiroular  velooity  at  the  apogeal  height. 


TABLE  7 

Values  of  the  Oiroular  Velooity  of  the  Satellite 

Height,  km  Oiroular  vel-  Height,  km  Ciroular  vel- 

ooity.  m/seo  ooity.  m/aeo 


0 

7909 

1690 

7032 

250 

7759 

2000 

6901 

500 

7617 

5000 

5921 

750 

7482 

10000 

4935 

1000 

7354 

35800 

3072 

1500 

7116 

Table  8  shows  the  values  of  the  velooity  of  the  satellite's  motion  at 
the  perigee  and  apogee  for  orbits  with  different  perigeal  and  apogeal  heights. 
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TABLE  8 

Values  of  the  Satellite's  Velooity  at  the  Perigee 
and  Apogee  of  Orhit 


The  orientation  of  orbit  in  space  and  its  position  with  respect  to  the 
earth's  system  of  coordinates  are  usually  determined  by  the  value  of  the 
inclination  of  the  orbit  and  the  value  of  the  right  asoension  of  the  aeoend- 
ing  node.  The  inclination  of  the  orbit  i,  is  the  angle  between  the  orbital 
plane  and  the  plane  of  the  earth's  equator.  The  asoending  node  of  the  orbit 
is  the  point  of  the  orbit  at  whioh  the  satellite  intersects  the  plane  of  the 
earth's  equator  passing  from  the  Southern  hemisphere  to  the  Worthem.  Cor¬ 
respondingly,  • the  opposite  point  on  the  oxbit  is  oalled  the  descending  node, 
and  the  line  connecting  these  points  is  the  line  of  nodes.  The  angle  between 
the  lines  of  the  nodes  and  the  direction  to  the  point  of  the  vernal  equinox 
is  oalled  the  right  asoension «T"L# 

Along  with  an  indication  of  the  orientation  of  the  plane  of  the  orbit 
in  spaoe,  it  is  neoessary  to  indioate  the  orientation  of  the  orbit  itself  in 
this  plane  and  the  position  of  the  satellite  in  orbit  at  a  given  instant  of 
time.  For  this  purpose  the  angular  distance  of  the  perigee  from  the  asoend¬ 
ing  node  CO  (the  angle  between  the  line  of  nodes  and  the  line  of  apsides)  and 
the  time  of  passage  of  the  satellite  through  the  orbit's  asoending  node  t 

o 

are  usually  used. 

Therefore  the  motion  of  a  satellite  about  an  oxbit  oan  be  oharaoterlsed 
by  six  elements t  the  inclination  of  the  orbit  i,  the  right  asoension  of  the 
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ascending  node  the  semimajor  axis  of  the  orbit  a,  its  eooentrieity  e_, 
the  argument  of  the  perigee  CO  and  the  passage  time  of  a  satellite  through 
the  aeoending  node  t  (Pig*  7)* 

As  a  satellite  moves  in  a  oentral  gravitational  field  and  in  the  absenoe 
of  atmospherio  drag,  the  first  five  orbital  elements  remain  constant,  and  the 
periodlo  motion  of  the  satellite  in  orbit  oan  oontinue  for  an  indefinitely 
great  interval  of  time* 


_i  is  inclination; eTL  is  the  right  ascension  of  the  ascending  node; 

?  is  the  orbit's  perigee;  P1  is  the  projeotion  of  the  perigee  on 
the  earth's  surface;  A  is  the  orbit's  apogee;  Al  is  the  projection 
of  the  apogee  on  the  earth's  surfaoe;  B  is  the  aeoending  node  of 
the  orbit;  Bl  is  the  projeotion  of  the  aeoending  node  on  the  earth's 
surfaoe;  H  is  the  desoending  node  of  the  orbit;  H1  is  the  projeotion 
of  the  desoending  node  on  the  earth's  surfaoe;  BP  is  the  position  of 
the  point  of  the  vernal  equinox  on  the  equator* 


However,  in  aotuality  the  motion  of  an  earth  satellite  is  influenoed 
by  a  number  of  additional  faotors.  These  includes  atmospherio  drag,  the 
dlfferenoe  of  the  earth's  gravitational  field  and  a  oentral,  fields  of  solar 
and  lunar  gravitation* 

The  effeot  of  these  faotors  over  limited  time  intervals  is  small  and 
thus  oan  be  considered  as  perturbations  of  the  basio,  Keplerlan  motion  of 
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the  satellite  described  above. 

The  true  motion  of  a  satellite  oan  be  represented  as  its  motion  about 
a  Keplerian  orbit  whose  basio  elements  are  continuously  varying,  being  a 
function  of  time.  The  ourrent  values  of  the  orbital  elements  in  this  oase 
are  oalled  the  oooulting  elements. 


Fig.  8.  Change  in  shape  of  a  satellite's  orbit  with  time  due  to 
atmospherlo  drag,  P  is  the  initial  position  of  the  oxbit's  perigee j 
A  is  the  initial  position  of  the  oxbit's  apogee. 

For  satellites  moving  within  the  upper  layers  of  the  atmosphere,  its 
resistanoe  gradually  changes  the  velocity  of  the  satellite's  motion  and 
oauses  continuous  (seoular)  ohanges  in  the  shape  of  its  oxbit.  The  satellite 
is  most  strongly  deoelerated  during  the  time  of  perigee  passage.  As  a  result 
of  the  satellite's  deceleration  its  kinetio  energy  is  diminished  and  the 
apogeal  and  perigeal  distances  are  shortened.  In  addition,  a  deorease  in  the 
apogeal  distanoe  and  height  of  the  apogee  takes  plaoe  considerably  mors 
rapidly  than  a  deorease  in  the  perigeal  distanoe  and  height  of  the  perigee. 
The  eooentrioity  is  continuously  reduosd  and  the  oxbit  itself  tends  to  cir¬ 
cular  (Fig,  8),  Deceleration  of  the  satellite  upon  shortening  of  its  oxbit 
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progressively  increases.  In  the  end,  satellite,  gradually  desoending,  enters 
the  dense  layer  of  the  atmosphere  where  it  is  destroyed  and  bums  owing  to 
intense  heating.  After  desoending  to  an  orbital  height  of  150  km  the  satel¬ 
lite  completes  no  more  than  1-2  orbits.  The  time  of  the  satellite's  motion 
from  the  instant  of  its  going  into  orbit  to  its  oomplete  deceleration  in  the 
dense  layers  of  the  atmosphere  is  oalled  its  life  time. 

The  degree  of  deceleration  of  the  satellite,  all  other  conditions  being 
equal,  depends  on  its  aerodynamio  oharaoteristios— the  drag  ooeffioient  and 
the  ratio  of  weight  to  area  of  the  middle  (oross  seotion),  the  so-oalled 
lateral  load. 

It  is  possible  to  establish  a  universal  relationship  between  the  rate 
of  change  of  the  height  of  the  apogee  and  perigee  of  the  orbit.  This  relat¬ 
ionship  is  determined  only  by  the  orbital  parameters  and  the  distribution  of 
the  atmospheric  density  with  height  and  does  not  depend  on  the  weight  and 
aerodynamio  oharaoteristios  of  the  satellite.  This  result  permits  the  com¬ 
pilation  of  simple  tables  for  determining  the  life  time  of  a  satellite  in 
orbit . 


The  life  time  for  a  satellite  weighing  100  kg  and  having  a  diameter  of 
1  m  versus  the  initial  values  of  the  perigeal  and  apogeal  height  of  an 
elliptio  orbit  is  given  in  Table  9,  In  Table  10  are  the  data  on  the  life 
time  of  a  similar  satellite  in  a  circular  orbit. 

The  data  in  these  Tables  are  based  on  the  results  of  a  theoretical  in¬ 
vestigation.* 


TABLE  9 

Life  Time  of  a  Satellite  (in  days)  in  Elliptio  Orbits 

Height  of  apogee,  km 


perigee,  taa 

M  | 

700  I 

ION 

not 

ION 

200 

0 

11 

87 

56 

82 

.  230 

25 

52 

102 

165 

217 

200 

53 

115 

235 

370 

536 

300 

<14 

200 

545 

600 

1280 

400 

410 

1120 

2630 

4450 

6800 

Uspekhi  Pisiohesk 

ikh  Nat 

ik,  Vo] 

..  LXII 

I,  No. 

1*,  P. 

TABLE  10 

Life  Time  of  Satellites  in  Oiroular  Orbits 


Height  of  oiroular 
orbit 

Lift  time, 

days 

200 

0,4 

250 

4 

300 

20 

350 

65 

400 

160 

500 

1010 

It  is  apparent  from  the  data  of  the  Tables  that  for  the  satellite  under 
consideration  the  life  time  at  an  initial  perigeal  height  of  230  km  is  about 
50  days.  An  inorease  in  the  apogeal  height  by  300  km  (to  1000  km)  leads  to 
a  doubling  of  the  life  time.  About  the  same  inorease  in  the  life  time  is 
obtained  upon  an  inorease  in  the  height  of  the  perigee  by  only  25  km  (to  225 
km).  For  oiroular  orbits  an  inorease  in  height  from  300  to  400  km  inoreases 
the  life  by  about  eight  times,  and  to  500  km,  another  six  times. 

For  satellites  having  different  values  of  the  drag  ooeffioient  and  load 
1  factor  on  the  middle,  the  life  time,  all  other  things  being  equal,  is  direotly 

proportional  to  the  value  of  the  lateral  load  and  inversely  proportional  to 
the  drag  ooeffioient.  Thus  for  a  satellite  having  a  diameter  of  2  m  and  a 
weight  of  1000  kg,  the  life  will  inorease  by  a  faotor  of  2,5  in  oomparlson 
with  the  data  oited  in  Tables  9  and  10. 

Henoe  is  beoomes  evident  that  the  dependenee  of  the  life  of  the  satel¬ 
lite  on  the  height  of  the  orbit  is  very  strong.  At  a  satellite  flight 
altitude  of  the  order  of  several  thousands  of  kilometers,  its  motion  takes 
plaoe  beyond  the  limits  of  the  upper  layers  of  the  atmosphere.  Suoh  a  satel¬ 
lite  oan  for  all  praotioal  purposes  be  considered  a  permanent  satellite  of 
the  earth. 

The  flattening  of  the  earth  at  the  poles  and  the  defleotion  of  the 
gravitational  field  from  the  oentral  whioh  is  aasooiated  with  this  also  oauses 

f  ‘ 

^  perturbations  of  the  orbit,  whioh  oan  be  divided  into  peridio  and  seoular. 
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The  periodic  perturbations  of  an  orbit  due  to  the  non-oentrality  of  the  field 
are  comparatively  small  and  reduoe  to  a  defleotion  of  the  aotual  coordinates 
of  the  satellite  from  the  coordinates  corresponding  to  the  motion  about  an 
ellipse,  some  tens  of  kilometers.  The  seoular  perturbations,  always  acting 
towards  one  and  the  same  side,  lead  to  substantial  ohanges  in  the  orbital 
elements  with  time.  n Instil*  nf  grr*h>- 


Fig.  9.  Precession  of  an  orbit  in  spaoe. 


The  main  seoular  perturbation  of  a  satellite's  orbit  due  to  the  non- 
oentrality  of  the  earth's  field  of  gravity  is  the  preoession  of  the  orbit, 
the  uniform  rotation  of  its  plane  in  absolute  spaoe  relative  to  the  earth's 
axis. 


The  preoessional  veloolty  (the  magnitude  of  one  revolution  of  the  satel¬ 
lite  about  its  orbit)  is  determined  by  the  formulas 


cos  f, 


(1.34) 


where  Rp  -  the  earth's  equatorial  radius, 
d  -  is  the  earth's  flattening, 

SI  -  the  angular  veloolty  of  the  earth's  diurnal  rotation, 
g0  -  the  aooeleration  of  the  earth's  attraotion  foroe  at  the  equator. 
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p  -  the  parameter  cf  an  elliptio  orbit, 
i  -  the  inolination  of  the  orhit, 

N  -  the  ordinal  number  of  the  satellite's  revolution  around  the  earth. 

As  follows  from  the  formula,  the  preoessional  velooity  substantially 
depends  on  the  orbit's  inolinoation. 

At  an  inolinoation  of  65*  and  heights  corresponding  to  the  heights  of 
the  orbit  of  the  first  Soviet  satellite,  the  preoession  of  the  orbit  is 
about  l/4*  per  revolution  of  the  satellite  (Fig.  9).  At  an  inolination  of 
the  orbit  equal  to  90*  (polar  orbit),  the  preoessional  velooity  is  aero. 
Another  seoular  perturbation  due  to  the  non-oentrality  of  the  field 
of  gravitation  is  the  rotation  of  the  major  axis  in  the  plane  of  the  orbit— 
a  change  in  the  angular  distanoe  of  the  perigee  from  the  ascending  nodeCO. 
There  is  also  a  shift  of  the  perigeal  region  (and  correspondingly,  of  the 
apogeal)  from  some  geographio  latitudes  to  others. 

The  rate  of  turn  of  the  major  axis  of  an  elliptio  orbit  is  characterised 
by  a  change  in  the  angular  distanoe  of  the  perigee  from  the  ascending  node 
during  one  revolution  of  the  satellite  about  the  orbit t 

S — n^(«-Tsr)<s“‘,'-1v  ■  d.35) 

As  we  see  from  the  formula,  when  . 

(■■63,5*  ■jh-®* 

In  aooordanoe  with  formulas  (l,34)  and  (1.35)  the  velooity  of  the  pre¬ 
oession  of  an  orbit  and  the  rate  of  drift  of  the  perigee  are  inversely  pro¬ 
portional  to  the  square  of  the  orbit's  parameter  £,  Consequently,  for 
satellites  moving  at  considerable  distanoe  from  the  earth  (of  the  order  of 
several  tens  of  thousands  of  kilometers), the  preoession  of  the  orbit  and 
the  drift  of  the  perigee  due  to  the  non-oentralllty  of  the  earth's  field  of 
gravitation  will  be  insignif ioant . 

f 
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Therefore  the  flattening  of  the  earth  does  not  oause  seoular  variations 
in  the  shape  of  the  orbit.  The  seoular  perturbations  of  an  orbit  due  to  com¬ 
pression  of  the  earth  are  demonstrated  in  the  ohange  of  its  orientation  in 
absolute  space,  Atmospherio  drag,  oonversely,  has  virtually  no  effeot  on  the 
orbit's  orientation,  but  does  oause  signifioant  seoular  variations  of  its  shape. 

The  effeot  of  the  solar  and  lunar  fields  of  gravitation  on  motion  of  a 

satellite  olose  to  the  earth  is  small.  However,  with  an  increase  in  the  height 

of  the  orbit  it  inoreases  substantially.  For  an  orbit  with  an  apogeal  height 

of  the  order  of  many  tens  or  several  hundreds  of  thousands  of  kilometers,  the 

perturbing  effeot  of  the  sun  and  moon  oan  oause  noticeable  ohanges  in  the  para¬ 
meters  and,  first  of  all,  the  perigeal  height.  Depending  on  the  disposition  of 
the  orbit  relative  to  the  sun,  the  height  of  the  perigee  oan  either  deorease  or 
increase .  A  deorease  of  the  perigeal  height  leads,  in  the  final  light,  to  the 
satellite  entering  the  dense  layers  of  the  atmosphere,  where  it  is  destroyed. 

As  a  result  of  this  the  life  of  the  artificial  earth  satellite  moving  about  the 
orbit  with  apogeal  height  oan  prove  to  be  quite  limited. 


Fig*  10.  Variation  of  satellite's  orbit  under  the  effeot  of  the  moon's  gravit¬ 
ational  field. 
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Thus  the  Soviet  automatio  interplanetary  station  after  approaohing  the 
moon  moved  along  an  orbit  with  a  perigeal  height  of  about  40}000  km  and  an 
apogeal  height  of  about  480,000  km.  There  is  no  atmospherio  drag  at  suoh 
heights.  Nevertheless  the  perturbing  influenoe  of  solar  attraotion  caused 
suoh  a  rapid  shortening  of  the  perigeal  distanoe  that  the  duration  that  the 
station  moved  in  orbit  before  it  entered  the  dense  layers  of  the  atmosphere 
was  only  a  half  year. 

As  another  example,  we  will  oite  the  results  of  the  ealoulation  of  an 
earth  satellite's  motion  about  an  orbit  with  an  apogeal  height  of  about 
260,000  km  (Fig.  10).  Already  during  the  first  five  orbital  revolutions  of 
the  satellite  its  variation  under  the  effeot  of  perturbation  by  the  moon's 
attraotion  is  notioeable. 

The  motion  of  the  satellite  with  respeot  to  the  earth  is  the  result  of 
the  aggregate  of  its  orbital  motion,  the  diurnal  rotation  of  the  earth,  and 
the  preoession  of  the  orbits 's  jplane. 

Let  us  oonslder  the  motion  of  a  satellite  starting  from  a  oertain  point 
of  the  orbit.  During  the  time  of  one  revolution  of  the  satellite  about  the 
orbit,  i.e.,  to  the  instant  of  its  arrival  at  the  starting  geographio  latitude, 
the  earth  turns  to  a  oertain  angle  depending  on  the  oirollng  time  of  the 
satellite.  At  the  same  time  the  plane  of  the  orbit  turns  a  small  angle  due 
to  its  preoession.  As  a  result,  at  the  start  of  the  next  loop  the  satellite 
is  over  a  point  of  the  earth's  surfaoe  located  west  of  the  starting  point. 

The  projeotion  of  the  motion  of  a  satellite  on  the  earth's  surfaoe  is 
oalled  the  route.  It  is  easy  to  show  that  the  route  of  the  satellite  on  the 
earth's  surfaoe  passes  within  the  limits  of  two  parallels  symmetrioal  with 
respeot  to  the  equator.  These  parallels  oorrespond  to  the  values  of  the 
northern  and  southern  latitudes  equal  in  value  to  the  inolination  of  the  orbit. 
Saving  touohed  one  of  these  parallels,  the  route  drifts  toward  the  equator. 
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Pig,  11,  Route  of  satellite  during  24  hour  period 
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int era tots  it,  then  approaches  the  other  parallel,  touohea  it,  again  interaeots 
the  equator,  and  again  approaohca  the  first  parallel. 

Further,  the  oourse  of  the  route  is  periodically  repeated,  and  eaoh  of 
its  sections  corresponding  to  the  next  revolution  of  the  satellite  about  the 
orbit  is  logitudinally  shifted  with  respeot  to  the  preceding.  The  angle  of 
intersection  of  the  route  with  the  equator  somewhat  differs  from  the  angle  of 
inclination  of  tho  orbit's  plane,  which  is  explained  by  the  earth's  rotation. 

The  route  of  the  satellite  during  a  24-hour  period  with  a  time  of  revolu¬ 
tion  of  about  1.6  hr  is  shown  in  Fig.  11. 

The  region  of  geographic  latitudes,  within  the  limits  of  which  the  route 
of  the  satellite  passes,  as  was  indicated  above,  depends  on  the  orbit's  in¬ 
clination.  The  limiting  oases  with  respeot  to  the  magnitude  of  the  inclina¬ 
tion  of  the  orbit's  plane  aret  a  polar  orbit  passing  through  the  North  and 
South  Poles  and  an  equatorial  orbit  lying  in  the  plane  of  the  equator  (Fig. 12). 

Artificial  satellites  of  the  moon  and  other  planets  can  be  oreated  along 
with  artificial  earth  satellites.  The  oharaoterietios  of  the  motion  of  such 
satellites  in  oiroular  orbits  (the  oiroling  time  and  the  oircular  velocity) 
relative  to  the  height  of  the  orbit  over  the  surface  of  the  planet  are  shown 
in  Table  1 1 . 


Fig.  12.  Polar  and  equatorial  orbits. 
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At  small  heights  the  eireling  time  of  artificial  satellites  of  other 
planets  and  the  moon  are  greater  than  that  of  artifioial  earth  satellites. 
This  is  explained  by  the  faot  that  the  density  of  other  planets  is  less  than 
the  earth's  density.  The  eiroling  time  of  a  satellite  moving  near  the  sur- 
faoe  of  a  oelestial'body  depends  exclusively  on  the  average  density  of  this 
body—  it  is  inversely  proportional  to  the  square  of  density. 


TABLE  11 

Characteristics  of  the  Motion  of 
Artifioial  Satellites  of  Planets  and  the  Moon 

Ciroling  time  |  Ciroular  velooity 


Planet 

_ Orbital  height, 

km 

o  i 

1000 

1  5000  1 

0  i 

1000 

1  *>000 

Meroury 

1,48 

2,46 

7,70 

2,94 

2,48 

1,70 

Venus 

1,49 

1,88 

3,63 

7,24 

6,70 

5,3* 

Earth 

1,41 

1,75 

3,35 

7,91 

7,35 

5,92 

Moon 

1,82 

3,60 

13,90 

1,68 

1,34 

0,85 

Mav«* 

1,61 

2,38 

6,38 

3,60 

3,15 

2,27 

Jupiter 

2,86 

2,92 

3,18 

42,60 

42,30 

41,10 

Saturn 

3,92 

4,01 

4,43 

25,65 

25,45 

24,60 

Uranus 

2,95 

3,13 

3,85 

15,10 

14,80 

13,80 

Neptune 

2,63 

2,80 

3,46 

16,55 

16,20 

15,10 

Knowledge  of  the  laws  of  motion  of  artifioial  satellites  permits  us  to 
solve  the  problem  oonoerning  the  study  of  the  density  of  the  upper  atmospherio 
layers,  and  also  the  gravitational  field  of  the  earth  by  observing  the  varia¬ 
tions  in  the  orbit  of  satellites.  Sinoe  there  is  a  direot  relation  between 
the  variation  of  a  satellite's  orbit  and  the  density  of  the  atmosphere,  an 
analysis  of  the  motion  of  artifioial  satellites  oan  yield  extremely  valuable 
information  on  the  actual  values  of  the  atmosphere's  density  at  great  heights. 
Aooording  to  the  presently  available  data,  the  density  distribution  of  the 
atmosphere  at  great  heights  strongly  depends  on  the  geographio  latitudes,  time 
of  day,  and  season  of  the  year.  Therefore,  extremely  important  for  studying 
the  distribution  of  density  is  the  joint  treatment  of  the  results  of  observing 
satellites  launohed  at  different  seasons  of  the  year  and  having  different 
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Inclinations  of  the  plane  of  the  orbit  and  perigeal  heights. 

In  addition  to  the  data  on  the  density  of  the  atmosphere,  we  oan  obtain 
from  an  analysis  of  the  motion  of  artificial  satellites,  aocurate  values  of 
the  field  strength  of  the  earth's  gravitation,  and  also  the  extent  of  the 
earth's  compression  and  magnitude  of  its  semimajor  axis.  With  a  sufficiently 
high  aoeuraoy  of  measuring  the  satellite's  coordinates  and  with  a  determined 
lay-out  of  the  measuring  points,  we  oan  also  obtain  more  detailed  information 
on  the  earth's  field  of  gravitation  and,  in  particular,  determine  the  intensity 
of  the  anomalies  of  the  gravitational  foroes  at  different  points  on  the  earth's 
surf aoe . 

Besides  studying  the  motion  of  the  oenter  of  gravity  of  an  artifioial 
satellite,  the  study  of  its  motion  relative  to  the  oenter  of  gravity  is  of 
considerable  interest, 

A  non-orient at ed  satellite  having  a  longitudinal  axis  of  symmetry,  under 
the  effect  of  perturbations  taking  plaoe  during  its  separation  from  a  rocket 
carrier  starts  to  perform  a  preoessional  motiow,  rotating  relative  to  its 
own  longitudinal  axis,  whioh  in  turn  rotates  around  the  preoessional  axis, 
thus  forming  with  it  a  oertain  angle. 

In  the  absence  of  atmospherio  effects  and  other  disturbing  factors  on 
the  orbit,  the  position  of  the  axis  of  precession  in  spaoe  remains  oonstant 
relative  to  the  stars. 

However,  for  artifioial  earth  satellites  the  position  of  the  preoessional 
axis  in  spaoe  in  most  oases  slowly  ohanges  under  the  effeot  of  aerodynamic 
foroes  and  the  earth's  gravitational  field.  Furthermore,  under  the  influenoe 
of  electromagnetic  forces  the  rotational  velocity  of  the  satellite  gradually 
deoreases.  By  oarrying  out  measurements  of  the  satellite's  position  at  in¬ 
dividual  instants  of  time  and  by  processing  the  results  of  these  measurements 
with  consideration  of  the  equations  of  motion  of  the  satellite,  we  oan  obtain 
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a  oomplete  pioture  of  its  notion  relative  to  the  center  of  gravity* 

In  oonolusion  we  must  note  that  knowledge  of  the  ourrent  orientation  of 
a  satellite  is  extremely  important  from  the  point  of  view  of  setting  up  many 
soientifio  experiments.  When  analyzing  the  motion  of  a  satellite  in  orbit 
it  is  frequently  neoessary  to  know  its  orientation  also  sinoe  with  an  elongated 
shape  of  the  satellite  the  ooeffiolent  of  aerodynamio  drag  substantially  de¬ 
pends  on  its  orientation  relative  to  the  velooity  veotor. 
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Peculiarities  of  notion  of  space  vehioles  in  the  solar  system 
Flights  to  the  Moon,  liars  and  Venus 
Man-made  planets 

As  shown  above,  when  analyzing  the  motion  of  a  space  vehiole  it  was  found 
to  be  possible  in  the  first  approximation  to  take  into  aooount  the  attraotion 
of  only  that  heavenly  body  in  whose  sphere  of  influenoe  the  spaoe  vehiole  is 
looated,  Under  these  oonditions  the  motion  of  a  spaoe  vehiole  within  the 
sphere  of  influenoe  of  eaoh  heavenly  body  (to  be  examined  in  a  coordinate 
system  oonneoted  with  this  body)  takes  plaoe  aooording  to  one  of  the  oonio 
sections— ellipse,  parabola  or  hyperbola— and  is  Kepler  motion. 

When  a  spaoe  vehiole  reaohes  the  boundary  of  the  sphere  of  influenoe,  the 
parameters  of  its  motion  must  be  reoaloulated  in  a  new  ooordinate  system  of 
the  heavenly  body  in  whose  sphere  of  influenoe  further  motion  of  the  spaoe 
vehiole  is  to  take  plaoe. 

This  approximate  method  of  studying  the  motion  of  spaoe  vehioles  with  re- 
speot  to  the  individual  oharaoteristio  phases,  in  spite  of  its  simplicity, 
allows  the  most  important  laws  of  flight  of  spaoe  vehioles  to  be  established 
with  suffioient  aoouraoy  in  many  oases  and  also  allows  the  fundamental  chara¬ 
cteristics  of  their  trajeotories  to  be  determined.  Theee  oases  are,  in 
partioular,  flights  to  the  Moon  and  other  planets  using  ohemioal-fuel  rookets. 

Starting  from  these  premises,  let  us  examine  the  problem  of  flight  to  the 
Moon. 

The  Moon,  a  natural  satellite  of  the  Earth,  moves  about  it  in  a  near- 
oircular  orbit.  The  length  of  one  orbit  of  the  Moon  about  the  Barth  is 
about  27.3  days.  Its  distance  from  the  Earth  is  on  the  average  384,400  km. 

The  velooity  of  the  Moon  in  orbit  is  about  1  km/seo.  Moving  at  this  veloolty, 
the  Moon  desoribes  in  the  course  of  one  day  an  aro  of  about  13*  about  the 
oelestial  sphere.  The  plane  of  the  orbit  of  the  Moon  is  at  the  present  time 


18 


mpimgm) urn**— *.■  ■»  ■**»•*. 


inollned  at  an  angle  of  about  18s  to  the  equatorial  plane  of  the  Earth, 

Three  fundamental  types  of  flights  to  the  moon  may  be  represented! 

a)  the  landing  of  a  spaoe  vehicle  on  the  Mbonj 

b)  a  flight  around  the  Uoon  and  returning  to  Earth) 

o)  a  flight  olose  to  the  Uoon  with  the  subsequent  ejeotion  of  spaoe 
apparatus  beyond  the  sphere  of  influenoe  of  the  Earth,  oonverting  it  into  a 
satellite  of  the  Sun— an  artificial  planet, 

Eaoh  of  the  types  of  flights  is  of  individual  interest,  permitting  the 
solution  of  a  definite  range  of  soientifio  problems 

Investigation  of  the  problem  of  the  minimum  velocity  necessary  to  reaoh 
the  Uoon  indioates  that  in  order  to  bring  a  spaoe  vehiole  olose  to  the  Uoon 
in  the  first  orbit,  it  is  necessary  to  assign  it  &  velooity  greater  than  or 
equal  to  ^0,^*  *bioh  i®  *  function  of  the  altitude  at  the  end  of  th*  ejection 
phase.  At  an  atlitude  of  about  200  km,  V0min  ■  V^j.— 95  m/seo  (here  Vpar  is 
the  parabolio  velooity  at  the  given  altitude).  The  orbit  of  a  spaoe  vehiole 
at  Vq-Vqb^  is  an  ellipse  with  apoge  equal  to  the  distanoe  from  the  Earth  to 
the  Uoon* 8  orbit. 

A  flight  to  the  Uoon  in  this  way  oan  be  accomplished  with  various  initial 
velooities)  the  lower  the  initial  velooity  the  higher  the  parabolio  velooity. 
Consequently,  the  trajeotory  of  the  spaoe  vehiole  before  entry  into  the  Moon’s 
sphere  of  influenoe  may  be  elliptloal,  parabolio  or  hyperbollo. 

After  the  spaoe  vehiole  reaohes  the  boundary  of  the  sphere  of  influenoe  of 
the  Uoon,  its  parameters  of  motion  must  be,  in  aooordanoe  with  the  approximate 
method,  reoaloulated  in  the  coordinate  system  oonneoted  with  the  oenter  of 
the  Uoon— in  the  so-called  selenooentric  system  of  ooordinates.  For  this  the 
velooity  veotor  V*  of  the  spaoe  vehicle  must  be  added  to  the  veotor  which  is 


the  inverse  of  the  velooity  veotor  of  the  oenter  of  the  Uoon  in  the  geooentrlo 


coordinate  system 


(Fig.  13). 


The  beginning  of  motion  of  the  spaoe  vehiole 
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In  the  eelenooentrio  system  corresponds  to  the  point  of  entry  into  the  sphere 
of  influenoe  of  the  Moon  B. 

It  oan  be  shown  that  the  trajeotory  of  a  spaoe  vehicle  within  the  sphere 
of  influenoe  of  the  Moon  in  the  eelenooentrio  ooordinate  system  is  always 
hyperbolio,  This  is  explained  by  the  faot  that  at  any  flight  trajeotory  from 
the  Barth  to  the  boundary  of  the  Monn's  sphere  of  influenoe,  the  eelenooentrio 
velooity  of  the  spaoe  vehiole  at  the  boundary  of  the  sphere  of  influenoe  will 
exoeed  the  parabolio  velooity  relative  to  the  Moon  (0.383  km/seo)  by  at  least 
a  factor  of  two.  Owing  to  this,  any  approaoh  trajeotory,  passing  by  the 
Moon,  must  go  beyond  its  sphere  of  influenoe1 . 

From  this  oomes  the  statement  on  the  impossibility  of  the  capture  of  a 
spaoe  vehiole  by  the  Moon's  gravitational  field.  In  order  to  transfora  a 
spaoe  vehiole  into  an  artifioial  satellite  of  the  Moon,  it  must  be  given  an 
additional  velooity  suoh  that  its  velooity  in  the  solenooentrio  system  will 
be  lower  than  the  parabolio  velooity.  For  this  the  spaoe  vehicle  must  be 
equipped  with  rooket  motors  to  be  switohed  on  when  entering  the  Moon's  sphere 
of  influenoe. 

Flight  to  the  Moon  is  most  favorable  when  the  plane  of  the  trajeotory  of 
the  spaoe  vehiole  ooinoides  with  the  plane  of  the  lunar  orbit.  This  oan  be 
realised  by  launohlng  the  rookets  from  the  equatorial  regions.  In  other  oases, 
when  the  rooket  is  launohed  from  the  middle  or  polar  latitudes,  and,  in 
partioular,  when  launohed  from  the  USSR,  the  plane  of  its  trajeotory  oannot 
ooinoide  with  the  plane  of  the  Moon's  orbit.  Flights  to  the  Moon  under  these 
oonditions  are  a  more  difficult  problem  and  necessitate  higher  demands  of  power 
and  aoouraoy  of  the  oontrol  system  of  the  spaoe  vehiole. 


1  When  using  the  approximate  method  the  parameters  of  motion  of  the  spaoe  ve- 
{  hiole  at  the  point  of  departure  from  the  Moon's  sphere  of  influenoe  must  be 
**  again  reoaloulated,  in  the  geooentrio  ooordinate  system. 
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Fig.  13.  Diagram  of  flight  trajeotory  to  the  Moon  lying  in  the  Moon's 
orbital  plane. 

L.j—  position  of  Moon  at  the  time  of  launohlng;  Lg — position 
of  Moon  when  the  spaoe  vehiole  reaches  the  boundary  of  the  Moon's 
sphere  of  influence;  B— point  of  entry  of  trajeotory  in  the 
Moon's  sphere  of  influenoe;  V^— • velocity  of  Moon  in  orbit; 

V*— • velocity  of  spaoe  vehiole  at  point  B  in  geooentrio  coordi¬ 
nates;  — position  of  Moon  at  moment  of  approaoh  from  spaoe 

vehiole . 


Let  us  examine  this  problem  in  more  detail.  Let  the  rooket  be  launohed 
from  the  Northern  hemisphere  of  the  Earth  and  the  point  A,  corresponding  to 
the  end  of  the  ejeotion  phase,  be  looated  at  latitude 'tj/  g,  and  the  Moon  at 
point  L  at  the  moment  of  impaot  (Fig.  14). 

The  orbit  of  the  spaoe  vehiole,  passing  through  points  A  and  L,  lies  in  the 
plane  AOL,  where  0  is  the  oenter  of  the  Barth.  The  angle  between  the  bearings 
OA  and  OL  is  oalled  the  range  angle  $  .  Its  magnitude  is  a  funotion  of  the 
position  of  point  A,  whioh  moves  parallel  to  the  rotation  of  the  Barth,  and 
also  of  the  poisition  of  the  Moon  in  its  orbit  at  the  moment  of  impaot. 

The  largest  value  of  the  angle  $  is  then  the  Moon's  deolination  is  olose 
to  -18*  at  the  moment  of  impaot  (the  Moon  is  below  the  equatorial  plane),  and 
the  rooket  is  launohed  at  the  moment  when  the  Moon  is  olose  to  the  lower 
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Fig,  14,  Diagram  of  the  flight  trajectory  to  the  Moon  of  a  rocket  launched 
from  the  Northern  hemisphere  of  the  Earth, 

A— launching  point;  Vq— velocity  at  the  end  of  the  ejection  phase J 
L~ position  of  the  Moon  at  the  moment  of  impact  j  $ —range  angle. 


Fig,  15,  Trajectory  of  flight  to  the  Moon, 

a— at  minimum  declination  of  the  Moon  at  moment  of  impact; 
b— at  maximum  declination  of  the  Moon  at  moment  of  impact, 

(the  orbital  plane  rf  the  sp.  ce  vehicle  coincides  with  the  Earth's 

axis) 
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culmination  point  (relative  to  the  launohing  point).  Consequently,  the  lowest 
value  of  $  is  when  the  Noon's  deolination  is  olose  to  4-18°.  This  may  he  il¬ 
lustrated  most  graphically  when  the  orbital  plane  of  the  space  vehiole  ooin- 
oides  with  the  axis  of  the  Earth,  i.e.,  when  the  inolination  of  the  orbit 
equals  90s.  The  maximum  value  of  ^  in  this  oase  is  f  +  180°  +  18*  -\jjg 
(Fig,  15a),  and  the  minimum  is  $  -  180*  -  18*  -T^g  (Fig.  15b). 

Now  let  us  examine  how  the  magnitude  of  the  angle  C^affeots  flight  condi¬ 
tions  to  the  Noon.  From  the  above  formulas  of  motion  of  a  spaoe  vehiole  in 
the  oentral  gravitational  field,  it  follows  that  its  parameters  of  motion  at 
the  end  of  the  ejeotion  phase  and  at  the  point  of  impaot  must  be  uniquely 
oonneoted  with  the  funotion  . 

where  VQ  and  are  the  velooity  of  the  spaoe  vehiole  and  the  parabolio 

velooity  at  the  end  of  the  ejeotion  phase  respeotivelyi  tq  and  rL  the  distanoes 

from  the  oenter  of  the  Earth  to  the  end  of  the  ejeotion  phase  and  to  the  Moon's 

orbit |  and  is  the  angle  of  inolination  of  the  velooity  vector  to  the 

horison  at  the  end  of  the  ejeotion  phase, 

Sinoe  the  ratio  rQ  is  small  and  for  all  praotioal  purposes  oonstant,  at 

any  given  value  of  ***  the  angleT^is  a  funotion  only  of  $  .  Fig.  16 

.  "par 

shows  the  funotion  Vo  •  f(§)  at  various  values  of  V0  and  hg  -  200  km. 

As  is  apparent  from  tbs  graph,  for  all  values  of  V0  the  magnitude  of*^0 
decreases  substantially  with  an  inorease  in  $  . 
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Pig.  16.  The  dependenoe  of  the  angle  of  inclination  of  the  velooity 
vector^ upon  the  range  angle  $  . 

1—at  V0  -  Vpar  -50  m/seo,  2— V0  -  Vpar,  3— V0  -  Vpar 
3 — VQ  -  Vpar  +100  m/seo j  4— V0  -  Vpar  +  200  m/eeo. 

The  decrease  in i.e.,  transition  tc  more  sloping  ejeotlon  trajectories, 
entails  a  lowering  of  losses  In  overcoming  the  gravitational  f oroea j  g  sin 

i&dt  and  permits  increasing  the  pay  load  of  the  rooket.  o 

From  this  it  follows  that  when  launohing  the  spaoe  vehiole  from  the  middle 
latitudes  of  the  Northern  hemisphere,  from  the  point  of  view  of  power,  it  is 
more  advantageous  to  launoh  the  rooked  when  the  Uoon  is  near  its  orbital 
point  of  minimum  deolination.  In  this  oase  it  is  possible  to  put  the  maximum 
payload  into  orbit.  When  launohing  a  rooket  at  an  earlier  or  later  date,  the 
maximum  possible  payload  is  deoreased.  However,  when  the  launohing  date 
deviates  from  the  optimum  date  by  several  days,  the  deorease  in  payload  is 
comparatively  small.  In  praotioe,  in  the  oourse  of  eaoh  lunar  month  there 
are  intervals  of  time  of  about  a  week  in  which  flight  conditions  to  the  Hoon 
are  favorable.  When  the  dates  greatly  deviate  from  the  optimum,  considerably 
lover  payloads  are  possible. 
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Piff .  17*  Duration  of  flight  of  spaoe  vehiole  to  the  Moon  (hQ  -  200  km). 

The  duration  of  a  flight  to  the  moon  is  determined  by  the  rooket's  velocity 
relative  to  the  parabolio  velooity  (Fig.  17).  At  minimum  initial  velooity 
(VQ  ■  Vmin)  the  flight  duration  is  slightly  over  four  days,  at  VQ  -  Vpar  it 
is  about  two  days,  and  at  a  velooity  exoeeding  the  parabolio  velooity  by 
500  m/seo,  it  is  about  one  day. 

When  making  flights  to  the  Moon,  it  is  in  most  oases  necessary  to  observe 
the  spaoe  vehiole  and  to  receive  telemetrlo  information  while  the  vehiole  is 
approaching  the  Moon  and  at  the  moment  of  impaot.  For  this  it  is  necessary 
that  the  Moon  during  this  period  be  located  in  relation  to  observation  points 
near  the  upper  culmination  point.  At  the  same  time,  as  shown  above,  consider¬ 
ing  power  it  is  advantageous  to  launoh  the  rooket  when  the  Moon  is  looated 
near  the  loser  culmination  point  relative  to  the  launohing  point.  It  is 
obvious  that  both  of  these  oonditions  can  be  fulfilled  only  if  the  flight 
duration  is  a  multiple  of  one  half  day,  i.e.,  one  half  day,  one  and  one  half 
days,  two  and  one  half  days,  eto.  The  most  advantageous  is  a  flight  of  about 
one  and  one  half  days,  for  whioh  the  velooity  of  the  spaoe  vehiole  at  the  end 
of  the  ejeotion  phase  must  somewhat  exoeed  the  parabolio  velooity  (by  approxi¬ 
mately  150  m/seo).  A  flight  with  a  duration  of  about  one  half  day  requires 
oonsiderably  exoeeding  of  the  velooity  at  the  end  of  the  ejeotion  phase  over 
the  parabolio  velooity,  while  flights  of  two  and  one  half  or  more  days  require 
more  aoourate  ejeotion  of  the  vehicle  into  oxblt  for  striking  the  Moon. 
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Pot  flights  around  the  Moon  with  return  to  Earth,  the  velocity  of  the 
spaoe  vehiole  at  the  end  of  the  ejeotion  phase  must  be  less  than  the  parabolio 
velooity.  Depending  upon  the  degree  of  nearness  to  the  Moon,  two  basio  types 
of  flights  may  be  distinguished-— far  and  near  flights  around  the  Moon* 

In  a  far  flight  around  the  Moon,  when  the  minimum  distanoe  from  the  spaoe 
vehiole  to  the  Moon  is  40,000  km  or  more,  the  effeot  of  the  Moon's  gravitat¬ 
ional  field  upon  the  spaoe  vehiole 's  motion  is  not  great,  and  its  orbit  in 
the  geooentrio  system  will  be  olose  to  elliptioal.  If  the  rooket  is  launohed 
from  the  middle  latitudes,  the  angle  of  inclination  of  the  velooity  veotor 
at  the  end  of  the  ejeotion  phase  will  be  substantially  different  from  zero  and, 
therefore,  the  elliptioal  orbit  will  interseot  the  Earth's  surface.  As  a  re¬ 
sult,  the  spaoe  vehiole  will  at  the  end  of  the  first  orbit  pass  through  the 
dense  layers  of  the  atmosphere  and  be  destroyed. 

Of  special  interest  is  the  so-called  near  flight  around  the  Moon,  when 
the  minimum  distanoe  of  the  spaoe  vehiole  from  the  Moon  is  about  5  to  10 
thousand  km.  In  this  case  it  is  possible,  using  the  gravitational  foroe  of 
the  Moon,  to  change  the  nature  of  the  orbit  of  a  spaoe  vehiole  in  the  period 
of  its  first  approaoh  to  the  Moon  in  suoh  a  way  as  to  obtain  a  new  orbit, 
corresponding  to  the  new  requirements.  In  partioular,  this  ohange  in  oxbit 
can  be  ensured  so  that  the  spaoe  vehiole  will  be  transformed  into  an  arti¬ 
ficial  Earth  satellite,  moving  in  an  oxtoit  with  perigee  equal  to  several  tens 
of  thousands  of  kilometers,  and  apogee  reaohing  one  half  million  kilometers. 

An  example  of  this  type  of  flight  is  the  flight  of  the  third  Soviet  oosmio 
rooket  with  an  automat io  interplanetary  station. 

Let  us  now  examine  the  case  when  the  trajectory  of  the  spaoe  vehiole  leaves 
the  limits  of  the  sphere  of  influenoe  of  the  Earth.  In  these  oases  the  velooity 
at  the  end  of  the  ejeotion  phase  exoeeds  or  equals  the  parabolio  velooity, 
and  the  trajeotory  within  the  sphere  of  influenoe  of  the  Earth  is  hyperbollo 
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Pig,  18,  The  dependence  of  the  velocity  of  a  spaoe  vehiole  at  the 
boundary  of  Sarjfch's  sphere  of  influenoe  upon  its  velooity 
at  the  end  of  the  ejeotion  phase  (h^  -  200  km). 

The  velooity  of  a  spaoe  vehiole  at  the  boundary  of  the  Earth's  sphere  of 
influenoe  V*,  as  is  apparent  from  Formula  (1.18),  is  uniquely  determined  by 
the  velooity  Vo  and  altitude  at  the  end  of  the  ejeotion  phase.  The  de¬ 
pendence  of  V*  upon  VQ  at  hQ  -  200  km  is  Bhown  in  Pig.  18.  When  the  velooity 
at  the  end  of  the  ejeotion  phase  is  equal  to  the  parabolio  velooity  (V0-Vpar) , 
the  velooity  at  the  boundary  of  the  sphere  of  influenoe  V*£f  0.9  km/seo. 
Increasing  V0  by  0,5  km/seo  relate  to  Vpar  leads  to  an  increase  in  V*  to 
3.3  km/seo,  and  an  inorease  of  1  km/seo  will  lead  to  an  inorease  in  V*  to 
4.9  km/seo.  At  velooities  olose  to  the  parabolio  velooity  an  inorease  in  V0 
by  1  km/seo  leads  to  an  inorease  in  V*  by  5  to  8  m/seo. 

The  motion  of  a  spaoe  vehiole  after  leaving  the  Earth's  sphere  of  in¬ 
fluenoe  may  be  otioulated  starting  from  its  parameters  of  motion  at  the  point 
of  departure.  The  velooity  of  a  spaoe  vehiole  in  heliooentrio  coordinates 
may  be  obtained  by  summation  of  the  velooity  veotor  V*  and  the  velooity  veotor 
of  the  Earth’s  oenter  at  the  corresponding  moment  in  time  Ve.  This  velooity 
veotor  Vqq  also  determines  the  nature  of  the  motion  of  a  spaoe  vehiole  in  the 
heliooentrio  system. 
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If  V0o  is  less  than  the  parabolio  velooity  relative  to  the  Sun  vparo> 
motion  of  a  spaoe  vehiole  in  the  solar  system  will  be  in  an  elliptioal  orbit, 
and  it  will  be  transformed  into  a  solar  satellite— an  artifioal  planet.  If 
Vqq  is  equal  to  the  parabolio  veloeity  or  exoeeds  it,  the  motion  of  a 

spaoe  vehiole  will  be  in  a  parabolio  or  hyperbolio  trajeotory.  In  these 
oases  it  will  leave  the  solar  system  forever. 

Let  us  determine  the  minimum  velocity  whioh  must  be  given  the  spaoe  vehiole 
for  this  when  leaving  the  Earth.  The  average  velocity  of  the  Earth  is  V  ■ 

2r>. 75  km/sec  and,  therefore,  the  parabolio  velooity  relative  to  the  Sun,  cal¬ 
culated  taking  into  aooount  the  average  radius  of  the  Earth's  orbit,  equals 
vparo-Y^ ve  ■  42  km/seo. 

Let  us  assume  that  the  velooity  veotor  of  the  spaoe  vehiole  at  the  bound¬ 
ary  of  the  sphere  of  influenoe  is  parallel  to  the  velooity  veotor  of  the 
Earth's  orbital  motion,  whioh  may  be  ensured  by  the  appropriate  ohoioe  of  the 
launohlng  dlreotion  of  the  spaoe  vehiole.  Under  these  conditions  the  spaoe 
vehiole  will  move  in  the  heliooentrio  system  with  the  parabolio  velooity  if 
its  velooity  in  the  geoeentrio  system  is  7*  *  Vpar0  -  Te  ■  12  ,25  km/seo,  for 
whioh  its  velooity  at  the  end  of  the  ejection  phase,  as  is  apparent  from  Pig. 
18,  must  be  about  16.5  km/seo. 

The  velooity  neoessary  to  take  a  spaoe  vehiole  beyond  the  Sun's  gravita¬ 
tional  field  is  oalled  the  third  oosmio  velooity.  It  magnitude  at  altitude 
hQ  ■  0,  l.e.,  at  the  Earth's  surfaoe,  is  about  16.7  km/seo. 

Let  us  examine  in  more  detail  the  motion  of  a  spaoe  vehiole  in  the  solar 
system  in  an  elliptioal  orbit  and,  in  particular,  flights  to  other  planets. 

In  the  first  approximation  let  us  assume  that  the  motions  of  the  Earth  and 
other  planets  is  in  a  circular  orbit  whose  radii  oorrespond  to  the  average 
radii  of  their  aotual  orbits.  Let  us  assume  that  the  orbits  of  all  planets 
and  the  trajeotorise  of  the  spaoe  vehioles  lie  in  the  same  plane. 
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Let  the  trajeotory  of  the  spaoe  vehiole  in  the  Earth's  sphere  of  influenoe 
he  taken  suoh  that  the  velooity  veotor  at  the  boundary  of  the  sphere  of  in¬ 
fluenoe  V*  is  parallel  to  the  Earth's  velooity  veotor  Ve,  If  the  direotions 
of  these  coincide,  the  velooity  of  the  spaoe  vehiole  in  heliooentrio  coordi¬ 
nates  will  equal  their  arithmetical  sum  and  be  a  maximum  for  the  given  value 
of  the  velocity  V*0»  The  orbit  of  the  spaoe  vehiole  in  heliooentrio  coordi¬ 
nates  In  this  oase  will  envelope  the  Earth's  orbit,  tangent  to  it  in  the 
perihelion  at  a  distance  from  the  Sun  of  the  radius  of  the  Earth's  orbit 
r^ m  re«  The  distanoe  from  the  Sun  to  the  aphelion  of  thj  orbit  r^  will 
be  a  function  of  the  velooity  of  the  spaoe  vehiole.  Values  of  ra  as  a 
function  of  the  velooity  at  the  end  of  the  ejeotion  phase  VQ  at  hQ  »  200  km 
are  shown  in  Table  12. 


TABLE  12 

Distanoe  from  the  Sun  to  the  aphelion  of  the  orbit  at  various  values 
of  the  velooity  at  the  end  of  the  ejeotion  phase. 


Velocity  at  pud 
of  ejeotion  phase 
la  km/seo 

Ekoess  velooity 
over  the  para¬ 
bolio  in  km/seo 

Distanoe  from  Sun 
to  aphelion  of  orbit 
in  millions  of  km 

- 

0 

168,9 

11,515 

0,5 

247,7 

12,015 

1,0 

314, 1 

13,015 

2,0 

480,1 

14,015 

3,0 

760,3 

15,015 

4,0 

1400,0 

16,015 

5,0 

4618,0 

Prom  these  data  it  is  apparent  that  when  the  velooity  of  the  spaoe  vehiole 
exoeed  the  parabolio  velooity  by  0.3  kw/eec,  the  aphelion  of  its  heliooentrio 
orbit  will  be  looated  beyond  the  orbit  of  liars,  at  a  velooity  exoeeding  the 
parabolio  by  3  km/seo,  it  will  be  olose  to  the  orbit  of  Jupiter,  and  at  a 
velooity  exoOeding  the  parabolio  by  4  km/seo,  it  will  reaoh  the  orbit  of  Saturn. 

If  the  direction  of  the  velooity  veotor  of  the  spaoe  vehiole  at  the  boun¬ 
dary  of  the  sphere  of  influenoe  is  opposite  that  of  the  velooity  veotor  of  the 


( 


Earth,  the  velooity  of  the  vehicle  in  the  heliooentrio  eystem  will  equal  their 
difference  and  he  a  minimum  for  the  given  value  of  V*q.  In  this  oase  the 
orbit  of  the  spaoe  vehicle  will  be  within  the  Earth's  orbit,  tangent  to  it 
in  the  aphelion  (r&  -  r0). 

The  distances  from  the  Sun  to  the  perihelion  of  an  orbit  of  this  type  at 
the  end  of  the  ejection  phase  Vq  at  h q  ■  200  km  are  given  in  Table  13. 

As  is  apparent  from  the  table,  when  the  velooity  of  the  spaoe  vehiole  Vq 
exceeds  the  parabolio  velooity  by  2  km/seo,  the  perihelion  of  its  orbit  will 
be  dose  to  the  orbit  of  Meroury,  To  bring  the  orbit  of  the  spaoe  vehicle 
close  to  the  Sun  it  is  necessary  to  assign  it  a  very  high  velooity  at  the  end 
of  the  ejection  phase.  To  attain  a  distanoe  of  30  million  km  from  the  Sun, 
the  sphaoe  vehiole  must  have  a  velooity  of  16.7  km/sec,  exceeding  the  third 
oosmio  velooity. 


TABLE  13 

Distance  from  the  Sun  to  the  perihelion  of  the  orbit  at  various  veloci¬ 
ties  at  the  end  of  the  ejeotion  phase. 


Velooity  at  the  end 
of  ejection  phase 
in  km/seo 

Exoess  velooity 
over  parabolio 
in  km/seo 

Distance  from  Sun  t 
perihelion  of  orbit 
in  millions  of  km 

11,015 

0 

iSi,8  ““ 

11,515 

0,5 

95,6 

12,015 

1,0 

80,3 

13,015 

2,0 

61,8 

14,015 

3,0 

49,8 

15,015 

4,0 

40,9 

16,015 

5,0 

33,9 

Thus,  approaohing  the  Sun  at  close  distances  presents  a  greater  power 
problem  than  going  beyond  the  Sun's  gravitational  field. 

These  orbits  of  spaoe  vehioles  may  be  used  for  flights  to  other  planets 
of  the  solar  system.  The  minimum  neoessary  velooity  for  a  flight  to  a  given 
planet  will  correspond  to  a  semielliptioal  orbit,  whioh  in  its  aphelion  and 
perihelion  is  tangent  to  the  orbit  of  the  Earth  and  the  planet  named.  The 
range  angle  of  the  orbital  phase  of  the  flight  in  the  heliooentrio  system  will 
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be$1  -  180*  (Pigs.  19  and  20). 


TABLE  14 

Values  of  the  minimum  possible  velocities  for  flights  to  the  planets 

(hQ  -  200  km) 


Planet 

Velocity  at  end 

Flight  duration 

of  ejection  phase 

In  Waee  _  . 

in  years 

Mercury 

13.31 

Venus 

11.25 

Mars 

11.35 

Jupiter 

14. 05 

Saturn 

15.05 

Uranus 

15.73 

Neptune 

16.00 

0.29 

0.40 

0.71 

2.72 

6.04 

16.0 

30.6 


The  values  of  velocities  neoeasary  for  flights  to  other  planets  in  semi- 
elliptio  orbits  and  the  duration  of  these  flights,  oaloulated  for  the  average 
radii  of  the  orbits  of  the  planets,  under  the  assumption  that  all  orbits  lie 
in  one  plane,  are  shown  in  Table  14* 


TABLE  15 

Orbit 8  of  a  flights  to  Mars 


Initial  velocity, 
for  heliooentrio 
orbit,  ka/seo 

Range  angle, 
degrees 

Plight  duration, 
months 

32,71 

l8o 

8,  <>3 

33,71 

124 

5,25 

34,71 

108 

4,32 

35,71 

97 

3,77 

36,71 

90 

3,40 

37,71 

85 

3,10 

At  an  inorease  in  the  velooity  VQ  in  comparison  with  the  minimum  required, 
the  intersection  of  the  orbit  of  the  spaoe  vehiole  with  the  '‘-"bit  of  a  planet 
will  take  plaoe  at  a  lower  value  of  the  range  angle^  2  <£l.  Simultaneously, 
the  duration  of  the  flight  is  inoreased.  The  basio  data  on  these  orbits  for 
flights  to  Mars  and  Venus  are  given  in  Tables  15  and  16, 
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Fi^«  19.  Trajectory  of  flight  to  Kars. 

0~Sun;  rtf— average  radius  of  liarth  orbit;  rjg-average  radius  of 
orbit  of  iisrs;  V^-velocity  of  space  vehicle  at  end  cf  ejection 

phase;  Ve— velocity  of  Earth  in  orbit;  V*— velocity  of  space  vehicle 
at  boundary  of  the  Earth's  sphere  of  influence  in  geocentric  system; 


V0  —velocity  cf  vehicle  at  boundary  of  Earth's  sphere  of  influence 
uc 

in  heliocentric  system  (ir.itiul  velocity  :or  heliocentric  orbit)  Tt — 

perihelion  of  heliocentric  orbit;  o— aphelion  of  heliocnetrie  orbit; 

2  •  — rt.nte  sr.yle  for  heliocentric  orbits. 

1  i. 
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Fit;.  20,  Trajectories  for  flight  to  Venus. 

0~Sun;  r  —average  radius  of  Earth's  orbit;  r„— average  radius  of 
e  v 

orbit  of  Venus;  ^0-  -velocity  of  space  vehicle  at  end  of  ejection 

phase;  V  —velocity  of  spade  vehicle  at  boundary  of  Earth's  sphere  of 
e 

influence  in  geocentric  system;  V^  —velocity  of  vehicle  at  boundary 

c 

off  Earth's  sphere  of  influence  (initial  velocity  for  heliocentric 

orbit)  in  holiooantric  system;  5f— perihelion  of  heliocentric  orbit; 
O— aphelion  of  heliocentric  orbit;  ^  j— range  angle. 
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In  ordes*  that  the  spaoe  vehiole  make  oontaot  with  the  planet,  the  time  of 
its  launching  must  he  ohosen  suoh  that  the  mutual  position  of  the  Earth  at 
the  moment  of  launohing  and  the  planet  at  the  moment  of  impaot  he  fully  deter¬ 
mined. 


T4?LE  16 

Orhits  of  a  flight  to  Venus 


Initial  velocity 

Bange  angle. 

Plight  duration. 

for  heliooentrio 

■fflftJL*,.,  _ _ _ _ 

degrees 

months 

27.28 

21.28 
21.28 

24.28 
».28 

2.28 


4.87 

8,33 

2.83 

2.32 

2.33 
2.18 


The  favorable  mutual  positions  of  the  planets  are  periodically  repeated. 
For  flights  to  liars,  their  repetition  period  is  2.14  years,  and  for  flights 
to  Venus,  1,57  years. 

It  should  he  noted  that  this  data  on  the  required  velocities  for  flights 
to  the  planets,  owing  to  assumptions  made  in  their  oaloulation,  are  approxi¬ 
mate  and  desorihe  the  lower  limit  of  required  velooities.  They  are  valid  when 
impaot  takes  plaoe  near  the  node  of  the  planet's  orhit,  i.e.,  when  the  spaoe 
vehiole's  motion  is  in  the  plane  of  the  eolipse. 

In  other  oases,  when  the  spaoe  ship  makes  oontaot  with  a  planet  in  a 
period  when  it  is  not  in  the  plane  of  the  eolipse  (due  to  the  faot  that  its 
orbital  plane  makes  some  angle  with  the  plane  of  the  eolipse),  the  velocity 
neoessfcry  for  a  flight  to  the  planet  is  found  to  he  considerably  greater. 
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Pig.  21 

Trajeotories  of  transition  of  space  vehicle 
to  circular  orbit  around  the  Sun. 

0— Sun;  V00jj  V00jj— velooity  of  space  vehicle  at  boundary  of  the  Earth's 
sphere  of  influence  in  heliooentrio  system;  Val»  velocity  of 

space  vehicle  at  point  of  transition  to  oiroular  orbit  about  the  Sun; 

— additional  velooity  necessary  to  put  vehiole  in  oiroular 
orbit;  vicpii““°irou*ar  velooity;  Tj,  rTI— radius  of  oiroular 

orbit;  r— average  radius  of  Earth's  orbit.  Subscript  I  pertains  to 
spaoe-vehiole  orbit  of  greater  radius  than  that  of  Earth,  II  denotes 
orbit  smaller  in  radius  than  Barth's. 


TABLE  17 


Values  of  total  velooity  neoessary  for  ejeotion  of  spaoe  vehiole  into 
oiroular  orbit  about  the  Sun. 

Radius  of  oiroular 

Total  velooity. 

Radius  of  oir¬ 

Total  velooity, 

orbit,  million  km 

km/seo 

oular  orbit. 

km/seo 

million  km 

58  ““ 

(Orbit  of  Mercury) 

23.0 

(Orbit  of  Saturn) 

20.5 

108 

2869 

(Orbit  of  Venus) 

14.0 

(Orbit  of  Uranus) 

20.4 

228 

/  4495 

(Orbit  of  Mars) 

14.0 

(Orbit  of  Reptune) 

20.1 

788 

(Orbit  of  Jupiter) 

19.7 
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In  oonolusion,  let  us  examine  the  problem  of  oreating  artifioial  satellites 
of  the  Sun  (artifioial  planets)  which  move  in  oiroular  orbits.  For  thi.s  the 
space  vehiole  must  be  first  of  all  be  plaoed  in  a  semielliptioal  transitory 
orbit,  tangent  to  the  aphelion  or  perihelion  of  the  given  oiroular  orbit. 

When  the  spaoe  vehiole  reaohes  the  aphelion  (or  perihelion)  of  the  transitory 
orbit,  it  must  be  given  an  additional  velooity  AT  for  its  transition  into 
oiroular  orbit  (Fig,  21). 

Values  of  the  total  velooity  VQ  +  AV  neoessary  to  put  the  spaoe  vehiole 
into  a  oiroular  orbit,  transforming  it  into  an  artifioial  planet,  are  shown 
in  Table  17 • 
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Requirements  on  the  Aoouraey  of  the  Motion  Parameters 
at  the  End  of  the  Ejeotion  Phase 

7or  a  fpaoe  apparatus  to  more  along  a  given  orbit  it  must  have  definite 
notion  parameters*  Even  slight  errors  in  the  magnitude  and  direotion  of  the 
velooity  at  the  end  of  the  ejeotion  phase  oan  result  in  considerable  devia¬ 
tions  of  the  orbit  of  the  vehicle  from  the  oaloulated  orbit. 

Let  us  demonstrate  the  extent  to  whioh  these  errors  influenoe  the  orbital 
oharacteristios  and  the  lifetime  of  artificial  earth  satellites. 

As  illustration.  Table  18  gives  data  on  the  ohange  of  the  basio  para¬ 
meters  of  the  orbit  of  an  artifioi&l  satellite,  the  heights  of  the  perigee 
and  the  apogee,  when  there  are  errors  in  the  velooity  and  the  angle  of  in¬ 
clination  of  the  tangent  to  the  trajeotory  at  the  end  of  the  ejeotion  phase 
(the  oase  of  ejeotion  of  a  satellite  at  the  perigee  of  the  orbit.) 


TABLE  18 

Influenoe  of  Ejeotion  Errors  on  the  Perigee  and  Apogee  of  the  Orbit 


Initial  ozbital  parameters i 

tel®  $  teS*"’*?.::: 

8S8 

250 

1500 

250 

5000 

250 

I5OOO 

250 

30000 

Ohange  in  ozbital  parameters 
with  ejeotlon-velooity 
errors  of  i  10  m/seot 

Change  in  height  of  perigee,  km.. 
Change  in  height  of  apogee,  km... 

0 

t  39 

0 

±  40 

0 

±  73 

0 

±190 

0 

*  472 

Change  in  ozbital  parameters 
with  ejeot ion-angle  errors  of  1  1  * i 
Ohange  in  height  of  perigee,  km,. 
Change  in  height  of  apogee,  km... 

-  25 
♦  25 

-  13 
♦  13 

00  CO 

*2,8 

■*•2,8 

-  2,5 
♦  2,5 

Proa  the  table  it  is  evident  that  a  velooity  error  oauses  a  corresponding 
ohange  in  the  height  of  the  apogee  and  the  oiroling  time  of  the  satellite, 
without  af footing  the  height  of  the  perigee.  For  low  oxblts,  the  ohange  in 
height  of  the  apogee  ie  only  weakly  dependent  on  the  initial  values  of  the 
ozbital  paraaenters.  However,  as  the  ozbital  height  inoreaaes,  the  influenoe 
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of  velocity  errors  on  the  height  of  the  apogee  and  on  the  oirellng  time  of  the  ! 
satellite  lnoreaees  noticeably. 

in  error  In  the  ejeotion  angle  always  results  in  a  deorease  of  the  perigee 
height  and  a  corresponding  increase  of  the  apogee  height.  Sinoe  satellite 
deceleration  ooours  mainly  near  the  perigee,  this  results  in  deoreased  satel¬ 
lite  lifetime. 

For  an  orbit  with  an  apogee  height  of  800  km  and  a  perigee  height  of  250 
km,  a  1*  error  in  the  angle  at  the  end  of  the  ejeotion  phase  deoreases  the 
perigee  by  25  km,  causing  a  two-fold  deorease  in  the  lifetime  of  the  satellite. 

The  influence  of  ejeotion  angle  error  on  the  height  of  the  perigee  de¬ 
oreases  with  inoreasing  ezoentrioity  of  the  orbit,  i.e.,  with  inoreasing  height 
of  the  apogee  and  unchanged  perigee  height.  For  an  orbit  with  a  perigee  of 
250  km  and  an  apogee  of  1500  km,  the  perigee  deoreases  by  13  km  due  to  the 
same  error  in  the  ejeotion  angle  as  above.  There  1b  only  a  1.5-fold  deorease 
in  the  lifetime  of  the  satellite  due  to  this  ejeotion  angle  error.  Conse¬ 
quently,  for  more  elongated  orbits  the  deorease  in  lifetime  of  the  satellite 
due  to  ejeotion  errors  will  be  less  than  for  orbit  close  to  oiroular. 

Angle  errors  do  not  affeot  the  oiroling  period  sinoe  in  this  case  the 
value  of  the  major  axis  of  the  elllptioal  orbit  remains  constant. 

Let  us  now  show  the  influenoe  of  errors  at  the  end  of  the  ejeotion  phase 
on  the  orbits  of  spaoe  vehioles  for  lunar  flights.  Let  us  treat  first  the 
most  favorable  oase,  when  the  orbit  of  the  spaoe  vehiole  lies  in  the  plane 
of  the  moon's  oxbit.  As  has  been  mentioned,  this  will  be  the  oase  when  a 
rocket  is  launohed  from  the  equatorial  regions. 

Let  us  assume  that  the  oaloulated  orbit  passes  through  the  oenter  of  the 
moon.  Figure  22  gives  the  values  of  maximum  vel  oeityi?  VQ  and  angle£^0  errors 
(corresponding  to  orbital  inclination  from  the  oenter  to  the  edge  of  the  moon*) 

*  See  Oepekhi  Fisioheskikh  Sauk  (Progress  of  Fhysioal  Seienoes),43,  Ho.1a,101,1957 , 
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Ffom  these  graphs  it  follows  that  the  values  of  the  maximum  errors  S  VQ  and 
ohange  substantially  depending  on  the  exoess  velooity  at  the  end  of  the 
ejeetion  phase  with  respect  to  looal  parabolio  velooity Sv0  ■  VQ  -  Vpar. 
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Figure  22,  Values  of  the  maximum  velooity  &  V  and 
angle  ££  errors  when  landing  on  the  moon,  for°the 
ease  when  the  orbit  of  the  spaoe  vehiole  lies  in  the 
moon's  orbital  plane. 

For  velocities  whioh  are  50-60  m/seo  less  than  parabolio,  i.e.,  for 
elliptioal  orbits,  £vo  ;c10  m/seo  and£^0  -  0,4°.  For  velooities  greater 
than  parabolio,  hyperbollo  orbits,  the  maximum  velooity  error  inoreases  to 
20  -  40  m/seo,  while  the  maximum  angle  error  doorcases  to  0.3s.  Considering, 
however,  that  orbital  inclinations  are  determined  by  the  oombined  influence 
of  velooity  and  angle  errors,  and  also  bearing  in  mind  that  there  are  other 
errors  whioh  lead  to  oxbital  inclinations,  we  oan  oonsider  that  for  hyper- 
bolio  orbits  in  the  moon's  oxbital  plane  the  errors  at  the  end  of  the  ejeotion 
phase  should  not  exoeed  the  following  values i  velooity  errors  10-20  m/seo, 
angle  errors  0.15-0.20*. 

When  a  rooket  is  launohed  toward  the  moon  from  the  middle  latitudes,  e.g., 
from  the  USSR,  the  requirements  in  the  aoouraoy  of  the  motion  parameters  neces¬ 
sary  for  landing  on  the  moon  are  oonsidersbly  increased. 

For  the  hypexbolio  orbit  of  the  seoond  Soviet  spaoe  ship  a  velooity  error 
of  1  m/seo  would  have  resulted  in  a  250-km  deviation  in  the  point  of  impact 
on  the  moon.  A  deviation  of  the  velooity  veotor  from  its  oaloulated  direotion 


39 


by  obi  angular  minute  would  oause  a  200-km  shift  in  the  iapaot  point, 

Deviations  in  the  iiepaot  point  are  also  notioeably  affeoted  by  errors  in 
the  ooordinates  at  the  end  of  the  ejection  phase  and  by  errors  in  the  launoh 
tine*  When  the  launoh  time  deviates  by  10  seoonds  from  the  oaloulated  time 
there  is  a  deviation  in  the  impaot  point  on  the  moon's  surfaoe  of  the  order 
of  200  km. 

From  these  data  we  oan  oonolude  that  when  a  rooket  is  launohed  from  the 
USSR  toward  the  moon,  the  velooity  error  at  the  end  of  the  ejeotion  phase 
should  not  ezoeed  several  meters  per  eeeond,  while  the  velooity  veotor  should 
not  deviate  by  more  than  0.1*  from  its  oaloulated  direotion. 

Even  greater  influenoe  is  exerted  by  orbital  ejeotion  errors  when  launch¬ 
ing  spaoe  vehioles  to  other  planets.  For  a  flight  to  Kars  on  an  elliptloal 
orbit  whioh  assures  approaoh  to  Usrs  at  its  aphelion,  a  velooity  error  at  the 
end  of  the  ejeotion  phase  of  1  ra/seo  causes  a  deviation  of  the  order  of  30,000 
km  in  the  orbit  of  the  vehiole  near  Mars.  Therefore,  for  suoh  flights  the 
movement  of  the  vehiole  should  be  oorreoted  in  flight. 


Space  Eookete  and  Carrier  Rookets  for  Artifioial  Satellites 
Ejection  into  Orbit 

Aa  baa  already  been  mentioned,  the  basio  problem  in  launching  a  spaoe 
vehicle  is  the  ejeotion  into  orbit,  giving  it  a  velooity  equal  to  or  exceed¬ 
ing  orbital  velooity  at  the  corresponding  height. 

The  basio  means  for  solving  this  problem  at  present  is  the  multistage 
rocket  with  liquid-propellant  engines  operating  on  ohemioal  fuel.*  In  the 
near  future  we  oan  expeot  the  appearanoe  of  spaoe  rookets  operating  on  nuolear 
power. 

The  multistage  (or  oompound)  rooket,  first  envisioned  by  Tsiolkovskiy, 
consists  of  a  number  of  oonneoted  rookets.  Let  us  examine  this,  using  aB 
our  example  the  three-stage  rooket  shown  in  Fig.  23.  Eaoh  of  the  three  rook¬ 
ets  has  its  own  engine  and  tanks  for  fuel  and  oxidizer.  The  first  stage 
moludes  all  three  rookets,  the  seoond  and  third  rookets  being,  as  it  were, 
the  payload  of  the  first  rooket.  When  the  engine  of  the  first  rooket  burns 
out  it  is  separated,  and  the  seoond  stage,  consisting  of  the  seoond  and  third 
rookets,  oontinues  the  flight.  When  the  engine  of  the  seoond  rooket  burns 
out,  it  is  also  separated  and  the  third  rooket  (third  stage)  oontinues  the 
flight  alone. 

Thus,  in  a  multistage  rooket  as  the  fuel  is  expended  the  individual  stages 
drop  away.  Therefore  its  aooeleration,  for  the  same  reactive  foroe,  is  greater 
than  that  of  a  single-stage  rooket  with  the  same  oharaoteristios.  As  a  re¬ 
sult,  the  rooket  aoquires  greater  velooity. 


* In  eertain  oases  a  spaoe  rooket  ^ay  have  individual  stages  using  solid- 
fuel  (powder)  engines.) 
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Figure  23.  Diagram  of  a  three-stage  rooket. 

1)  engines}  2)  fuel  tanks)  3)  payload  (spaoe  vehiole) 

Figure  24  is  a  diagram  of  the  trajeotory  for  ejeoting  a  satellite  into 
orbit.  The  angle  of  inclination  of  the  velooity  vector  to  the  horiaon  at  a 
given  point  of  the  trajectory  is  designated  'bj'tP,  The  oaTrier  rooket  is 
launched  vertically  -  90*),  Then,  after  a  short  vertioal-asoent  phase, 
the  rooket  gradually  begins  to  turn  about  its  transverse  axis  aooording  to 
a  set  program,  resulting  in  a  ourve  in  its  motion  trajeotory.  Be  selecting 
a  corresponding  program  for  the  turn  of  the  rooket  with  time,  we  oan  obtain 
the  required  values  for  the  height  hQ  and  angle  at  the  end  of  the  release 
phase. 

When  the  satellite  is  ejeoted  into  orbit,  xf"0  ■  0  (Fig,  24).  When  spaoe 
vehioles  are  launohed  toward  the  moon  or  other  planets,  and  angle  -Jq  as  a 
rule  does  not  equal  sero,  but  is  determined  by  the  launch  conditions  the  date 
of  launoh,  the  mutual  position  of  the  planets,  the  geograpMo  latitude  of  the 
launoh  site,  eto. 
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Figure  24.  Diagram  of  the  trajeotory  for  the  ejeotion  of  satellite 
Into  orbit. 


Let  us  analyse  the  basio  faotore  whioh  determine  the  velooity  of  a  multi¬ 
stage  rocket  at  the  end  of  the  ejeotion  phase.  Let  us  examine  the  equation 
of  motion  of  a  rooket  in  projection  onto  the  tangent  to  the  trajeotory)  this 

sanation  has  the  form  „ 

*  r  **  '  (1.37) 


where  0  is  the  ourrent  weight  of  the  rooket)  dV/dt  is  the  acceleration  of 
the  rooket)  £  is  the  aooeleration  due  to  gravity)  gQ  is  the  acceleration 
due  to  gravity  at  the  earth’s  surfaoe  (at  sea  level))  P  is  exhaust  thrust) 

X  is  the  drag  foroe)  and  1?  is  the  angle  of  inclination  of  the  velooity 
veotor  to  the  horison. 

The  thrust  of  the  rooket  oan  be  expressed  in  the  form 

* - i'V-  0.38) 

where  o  is  the  jet  velooity)  o/gQ  -  P  is  the  speoifio  thrust  of  the  engine) 
and  -  (dO/dt)  is  the  fuel  consumption  (change  in  weight  of  the  rooket  per 


unit  time). 

Then  Equation  (1.37)  oan  be  given  in  the  form 

V— V  S-’-f*-***  0.39) 

Integrating  the  eq*u...*on  from  the  launoh  time  (t  ■  0)  to  the  time  oorrespond- 
ii  ■-  to  the  end  of  the  ejeotion  phase  (t  -  tf),  we  get  the  velooity  of  the 
rooket  at  the  end  of  the  ejeotion  phases 
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(1 .40) 


C 


where  m  is  the  number  of  stages j  and  ci#  0Oi>  and  0^  are,  respectively,  the 
exhaust  velocity,  the  initial  and  the  final  weight  of  the  individual  stages. 

The  first  term  on  the  right  in  (1.40)  corresponds  to  the  Tsiolkovskiy 
formula  and  defines  the  velocity  of  a  rooket  when  no  external  foroes  aot  on 
it,  the  so-oalled  oharaot eristic  velooity  of  the  rooket.  The  seoond  term 
on  the  right  characterises  the  velooity  lost  due  to  predomination  of  drag 
foroes,  and  the  third  term  oharaoterises  velooity  lost  to  gravity.  Ve  have 
neglected,  in  (1.37),  the  losses  in  velooity  due  to  non-oorrespondenoe  be¬ 
tween  the  direotion  of  thrust  and  the  velooity  veotor  (angle  of  attaok), 
since  these  are  relatively  slight. 

When  a  spaoe  vehiole  is  ejeoted  into  orbit,  the  total  velooity  lost  due 
to  gravity  and  drag  is  about  2000-3000  m/seo,  on  the  average.  Therefore,  to 
impart  to  a  satellite  a  velooity  of  the  order  of  8000  n/aeo  the  carrier 
rooket  should  have  a  oharaot eristio  velooity  of  about  10,000-11,000  m/seo, 
while  to  impart  to  a  spaoe  vehiole  a  velooity  of  the  order  of  11,000  m/seo 
the  oarrler  rooket  should  have  a  oharaot  eristio  velooity  of  about  13,000-14*000 
m/seo . 

The  oharaoteristio  velooity  of  a  multistage  rooket,  as  oan  be  seen  from 
Equation  (1.40),  equals  the  sum  of  the  produot  of  the  exhaust  velocities,  in 
natural  logarithms,  and  the  ratios  of  the  initial  and  final  weights  for  the 
individual  stages. 

If  we  assume  that  the  exhaust  velocity  £  is  identioal  for  all  stages,  and 
the  relative  design  weights  for  eaoh  stage  a^  -  are  equal 

(aj  »  Sg  •  ...  ■  am_1  ■  am  »  a),  we  oan  show  that  in  the  optimal  oase,  whioh 
assures  maximum  oharaoteristio  velooity,  the  initial  weights  of  tbs  stages 
should  be  distributed  according  to  the  law  of  geometrio  progression i 
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(1.41) 


where  0  ,  On  ,  ..,,  0  are  the  initial  weights  of  the  stages}  0  is  the 

°1  °2  °a  p 

weight  of  the  payload  (spaoe  vehicle).  The  initial  weight  of  the  first  stage 

equals  the  total  initial  weight  of  the  rooket,  Q0^  -  0o. 

The  oharaoteristio  velocity  of  suoh  a  multistage  rooket  oan  he  expressed 


hy  the  formula 


K«  »  me  la 


R?n" 


(1.42) 


The  connection  between  the  parameters  in  this  formula  is  given  conveniently 
in  the  form  of  a  graph  of  the  relative  oharaoteristio  velocity  Vu/o  vs.  the 
ratio  of  the  initial  weight  of  the  rooket  to  the  weight  of  the  payload  Qq/O^ 
for  various  numbers  of  stages  m.  Figure  25  shows  suoh  graphs. 

From  these  it  is  evident  that,  depending  on  the  value  Vu/o,  there  is  a 
oertain  number  of  stages  whioh  assures  a  minimum  ratio  between  rooket  weight 
and  payload  weight.  In  addition,  it  also  follows  from  the  graphs  that  a 
single-stage  rooket  (m  •  1 )  oannot  have  the  velocity  neoessary  for  e jeoting 
a  satellite  into  oxbit  if  it  does  not  have  an  exhaust  velocity  greater  than 
5000  a/seo,  whioh  is  impossible  for  modem  ohemioal-fuel  rockets. 

The  family  of  ourves  whioh  corresponds  to  rookets  with  various  number  of 
stages  has  an  envelope  (dashed  line  in  Fig.  25).  We  oan  show  that  the  maximum 
oharaoteristio  velooity  for  suoh  an  envelope  oan  be  expressed  by  the  formula 
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(1.43) 


where  the  value  of  K  depends  on  the  relative  design  weight  (Fig.  2 6). 
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Pig,  26.  Value  of  the  ooeffioient  lira.  a. 

Prom  this  formula  it  is  evident  that  the  maximum  velooity  of  a  rooket 
with  optimum  parameter  selection  depends  on  the  ratio  of  its  initial  weight 
to  payload  weight,  the  jet  velooity,  and  the  relative  design  weight.  In 
this  oase,  the  initial  weight  of  the  rooket  whioh  assures  ejection  of  a 
space  vehicle  of  a  certain  weight  into  orbit,  as  oan  be  seen  from  Fig.  25, 
varies  within  broad  limits,  depending  on  the  speoifio  values  of  the  exhaust 
velooity  and  the  relative  design  weight. 

When  a  satellite  is  ejeoted  into  an  orbit  having  a  given  perigee  and 
apogee  height,  its  motion  in  orbit  oan  be  begun  from  any  point  on  the  orbit, 
generally  speaking.  It  is  merely  neoessary  to  oarry  the  satellite  to  a 
height  corresponding  to  the  given  point  on  the  orbit  and  impart  to  it  the 
neoessary  velooity  in  the  direotion  of  the  tangent  to  the  orbit  at  this 
point.  The  higher  the  point  of  the  orbit,  the  less  velooity  must  be  imparted 
to  the  satellite.  Minimum  velooity  must  be  imparted  to  the  satellite  if  its 
orbital  motion  begins  at  the  apogee. 

However,  from  what  has  been  said  we  oannot  draw  the  oonolusion  that  it 
is  expedient  to  ejeot  a  satellite  into  the  apogee  of  an  orbit.  Analysis  of 
the  problem  has  shown  that  the  additional  expenditure  of  energy  neoessary  to 
lift  the  satellite  to  a  great  height  exoeeds  the  energy  gained  by  virtue  of 
the  faot  that  less  velooity  must  be  imparted.  Therefore,  energywise,  it  is 
best  to  ejeot  a  satellite  into  orbit  near  its  perigee. 

When  the  perigee  of  the  given  orbit  is  relatively  low  (of  the  order  of 
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hundreds  of  kilometers)  the  satellite  oan  be  ejeoted  immediately  at  the  end 
of  the  powered  phase  of  the  trajeotory  of  the  oarrier  rooket,  as  shown  in 
Pig,  24*  As  the  ejeotion  height  increases,  there  is  also  inoreased  power  ex¬ 
penditure  due  to  the  effeot  of  gravity  in  the  ejeotion  phase. 

For  high  orbits,  when  the  perigee  oan  be  at  several  thousands  of  kilo¬ 
meters,  suoh  an  ejeotion  method  oannot  generally  be  used  beoause  of  limitations 
of  the  powered  phase  of  the  trajeotory.  In  this  oase,  the  satellite  must 
first  be  ejected  into  a  oertain  transitory  orbit  having  a  relatively  low 
perigee.  At  a  oertain  point  on  this  transitory  orbit  the  oarrier  rooket 
should  impart  to  the  satellite  an  additional  velobity  to  assure  its  transition 
to  the  given  orbit.  Thus,  in  this  oase  the  ejeotion  trajectory  will  oonsist 
of  two  powered  phases,  separated  by  an  inertia-flight  phase. 

Analysis  of  suoh  an  ejeotion  method  has  shown  that  energywise,  the  optimum 
ejeotion  of  a  satellite  is  that  along  a  semielliptloal  transitory  orbit  whose 
perigee  is  as  low  as  possible  and  whose  apogee  ooinoides  with  the  perigee  of 
tue  final  orbit  (Fig,  27), 

The  angle  of  Inclination  of  the  velooity  vector  at  the  end  of  the  ejeotion 
phase  into  the  transitory  orbit,  at  point  F',  is  sero  0^  ■  0),  Seoondary 
out-in  of  the  rooket  engine  ooours  at  point  A' ,  The  thrust  direction  should 
ooinoide  with  the  tangent  to  the  trajectory  at  this  ^oint. 

Table  19  gives  the  oaloulated  velocities  which  must  be  imparted  to  the 
satellite  to  ejeot  it  into  oiroular  orbits  of  various  heights  hQir  using  this 
method.  In  the  oaloulations  it  was  assumed  that  the  perigee  of  the  transit¬ 
ional  orbit  is  200  km. 
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from  a  semi-ell iptioal  transitory  oroit.  R  -  earth's  radius} 
r  .  -  radius  of  the  given  oiroular  orbit}  P'  -  perigee  of 

tfie  transitory  orbit}  A'  -  apogee  of  the  transitory  orbit} 

Vpi  -  velooity  at  the  perigee  of  the  transitory  orbit}  V*  •  - 
velooity  at  the  apogee  of  the  transitory  orbit } -  addi¬ 
tional  velooity  needed  for  the  space  vehiole  to  enter  the 
oiroular  orbit}  VCir  -  oiroular  velooity  for  the  given  orbit. 


TABLE  19 


Velooity  for  E.leotin*  a  Satellite  from  a 

Semi -Ell lot ioal  Transil 

:ory  Orbit 

Height  of  the  given 

: - 

Velocity  at  the  end 

Additional  velooity 

Total  vel- 

oiroular  orbit,  km 

of  the  ejeot ion  phase 

for  transition  to 

ooity,  V, 

into  the  transitory 
ellipse,  Vp,,  m/seo 

the  given  orbit,  AV, 
m/seo 

m/seo 

1000 

0000 

114 

1221 

5000 

tm 

054 

0023 

35000 

10010 

tm 

|  10480 

Mono 

1004 

1444 

15000 

10606 

1500 

fifF 

100000 

10000 

1270 

uoot 

135000 

10700 

1104 

ttm< 

150000 

10700 

H4S 

.  ttm 

flQQQQQ 

10044 

1040 

non. 

IMIS 

0 

.  iMI» 

Prom  the  data  in  the  table  it  follows  that  the  total  velooity  required  to 
eject  a  satellite  first  inoreasee  with  inoreased  height  of  the  given  orbit, 
ana  then  deoreasaa  somewhat,  tending  toward  the  limit  (at  ho*,,-**)  at  pazeibolio 
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Weloolty,  The  total  velooity  is  maximum  when  the  height  of  the  oiroular  orbit 
is  approximately  100,000  km.  For  this  oase,  the  total  velocity  is  8.5^ 
greater  than  the  parabolio  velooity  at  the  perigee  of  the  transitory  orbit 
(200  km).  Here  we  have  a  paradoxical  phenomenon  in  whioh  less  total  velooity 
it  required  to  launoh  a  satellite  to  greater  heights. 

When  a  spaoe  vehiole  is  launohed  in  an  easterly  dlreotlon  the  velooity 
Imparted  to  it  by  the  rooket  is  oosiblned  with  the  velooity  of  the  earth's  sur¬ 
face  in  it 8  daily  motion. 

The  increase  in  velooity  due  to  the  earth's  rotation  is  a  function  of 
the  inolination  of  the  orbit,  and  oan  be  expressed,  approximately,  by  the 
formula 

Aty^  ™  +  A*)  co ef,  (1,44) 

where  R  is  the  earth's  radius)  hQ  is  the  ejection  height)  CJ  is  the  angular 
velooity  of  the  earth's  rotation  about  its  axis)  and  i,  is  the  orbital  inolina¬ 
tion. 

With  decreasing  orbital  inolination, AVrot  increases,  reaohlng  about 
460  m/seo  for  an  equatorial  orbit.  For  polar  orbits, ^Vrot  is  sero,  while 
for  orbits  with  an  Inolination  of  63*,  corresponding  to  the  orbits  of  the 
first  Soviet  satellites,  it  is  about  200  m/seo. 

Liquid-propellant  ohemioal-fuel  rookets  have  been  widely  developed  and 
are  now  quite  perfeoted. 

The  development  of  nuolear  technology  has  made  it  possible  to  disouss  the 
oreation.  In  the  near  future,  of  nuol ear-pews red  spaoe  vehloles.  The  thermal 
energy  in  suoh  engines,  developed  by  some  sort  of  nuolear  reactor,  will  be 
used  to  heat  some  working  liquid  (hydrogen,  ammonia,  water),  converting  it  to 
a  high-temperature  gas  whioh  will  flow  from  a  nossle,  oreating  exhaust  thrust. 

the  basio  advantage  of  suoh  engines  over  ohemioal-fuel  engines  is  the 
possibility  of  produoing  higher  jet  velocities  (speoifio  thrust),  sinoe  the 
energy  imparted  to  the  working  liquid  in  the  reactor  oan  considerably  exoeed 
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the  eniinr  released  during  the  oontoustion  of  even  the  most  highly  effeotive 
ohemioal  fuels* 

The  exhaust  velocities  of  suoh  engines  will  be  limited  only  by  the  maxi¬ 
mum  temperature  whioh  the  reactor  and  nossle  materials  oan  sustain* 

The  motion  oharaoteristios  of  suoh  rookets  will  differ  little  from  those 
of  ohemioal -fuel  rookets. 

A  particular  olass  of  space  rookets  are  those  spaoe  vehicles  with  so-oalled 
electro-reaction  engines.  One  of  these  is  the  ion  engine,  in  whioh  reaotlon 
power  is  created  by  the  exhaust  of  a  stream  of  ions  aooelerated  to  very  high 
velocities  by  means  of  an  eleotrostatio  field.  Elements  whioh  are  easily 
ionised,  e.g.,  oesium  or  sodium,  are  proposed  as  the  working  substanoe  used 
to  form  the  stream  of  ionised  gas.  The  energy  required  to  aooelerate  the 
ionised  gas  oan  be  obtained  from  a  nuolear  power  plant,  a  type  of  atomio  power 
station  in  the  spaoe  vehiole. 

Figure  28  is  a  block-diagram  of  an  ion  engine.  The  working  substanoe  is 
in  tank  1,  from  whioh  it  is  fed  by  means  of  a  suitable  system  2  to  the  engine. 
After  being  heated  to  a  high  temperature  and  passing  through  porous  wall  3, 
the  working  substanoe  in  the  engine  is  oonverted  into  ionized  gas  whioh  is 
then  aooelerated  in  an  eleotrostatio  field  created  by  the  system  of  grids  4. 


To  avoid  formation  of  a  spaoe  oharge  whioh  would  prevent  further  exhaust,  the 
ion  flux  should  be  neutralised  after  aooeleration}  eleotron  emitter  5  is  used 


for  this  purpose.  The  engine  is  powered  by  nuolear  power  plant  6  through 


Fig.  28.  Diagram  of  an  ion  engine.  1)  tank  with  the  working  substanoe 
(oesium) |  2)  system  for  feeding  the  working  substanoe}  3)porous  wall}  4) 
system  of  grids  to  oreate  an  eleotrostatio  field}  5)eleotron  emitter} 

6)  nuolear  power  plant}  ?)  transformer. 
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Fig.  29,  Diagram  of  the  aooeleration  of  a 
spaoe  vehicle  having  an  ion  engine 
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Thp  main  feature  of  this  type  of  engine,  whioh  distinguishes  it  from  other 
types  of  rookets,  is  the  extremely  high  jet  velooity  (to  100-200  km/seo)  and 
the  very  low  thrust  and  aooeleration  in  the  powered  phase  (of  the  order  of 
10“3  m/seo^) , 

The  impossibility  of  producing  high  thrust  from  the  ion  engines  is  due 
to  the  faot  that  with  high  exhaust  velooity,  the  power  neoessary  for  oreating 
an  exhaust  jet  with  high  thrust  is  excessively  high.  For  example,  to  produoe 
a  thrust  of  1  m  at  an  exhaust  velooity  of  100  km/seo  we  need  a  power  of  about 
one  million  kilowatts. 

Therefore,  although  ohemioal-fuel  rookets  oan  be  launched  independently 
from  the  surface  of  the  earth  or  other  planets,  sinoe  the  engine  thrust  ex¬ 
ceeds  the  initial  weight,  spaoe  vehioles  with  ion  engines  cannot.  They  must 
begin  their  flight  from  the  orbits  of  artlfioial  satellites  of  the  earth  or 
of  other  planets.  Their  trajeetory  is  a  slowly  developing  spiral  (Fig.  29). 
The  engines  of  suoh  vehioles  oan  operate  for  many  weeks. 

The  baslo  advantage  of  snaoe  vehioles  with  eleotro-reaotion  engines  is 
the  more  favorable  ratio  of  payload  weight  to  initial  weight.  Therefore  there 
is  every  reason  to  believe  that  in  the  future  suoh  vehioles  will  be  the  basio 
method  for  making  flights  between  the  orbits  of  artlfioial  planet  satellites. 
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The  Problem  of  Desoent  to  the  Surfaoe  of  the  Earth  and  Planets 


Landing  a  spaoeoraft  on  the  surface  of  the  earth  and  planets  is  one  of 
the  most  oomplex  problems  assooiated  with  interplanetary  flight*  The  motion 
of  any  spaoeoraft  relative  to  the  earth  or  other  oelestial  body  takes  plaoe 
with  a  veloolty  equal  to  or  greater  than  oiroular  velooity*  During  desoent 
this  relative  velooity  must  be  reduced  by  some  method  to  sero  at  the  instant 
of  landing.  Two  methods  of  deoeleratlng  spaoeoraft  during  desoent  whioh 
differ  in  prinoiple  are  presently  feasible.  The  first  of  these  is  based  on 
the  use  of  a  reset ive  foree,  the  seoond,  on  the  use  of  aerodynamlo  foroes 
arising  during  motion  of  the  spaoeoraft  in  the  atmosphere. 

To  aooomplish  the  first  method  of  desoent.  the  spaoeoraft  (or  its  des¬ 
cending  part)  must  be  provided  with  a  power  plant  and  a  fuel  supply  to 
deoelerate  the  spaoeoraft. 

Its  oharaoteristio  velooity  in  addition  must  equal  the  sum  of  the  vel¬ 
ooity  of  motion  relative  to  the  surfaoe  of  the  planet  at  the  start  of  desoent 
and  the  irorement  in  velooity  oaused  by  the  effeet  of  gravitational  foroes 
during  the  descending  phases 

*  «  •*«;  :i*«»  *  . 

(1.45) 
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Approximate  values  are  given  in  Table  20  for  the  oharaoteristio.  velooity 
when  using  ohemioal-fueled  motors  for  descending  on  the  surfaoe  of  the  earth, 
moon,  and  oertain  planets.  This  Table  shows  the  ratio  of  the  payload  to  the 
initial  weight  of  the  spaoeoraft  (assuming  that  it  has  an  optimal  number  of 
stages,  the  relative  weight  of  the  structure  is  a  -  0.1.  and  the  jet  velooity 
is  o  »  4000  o/bbo),  In  addition  two  oases  are  considered!  desoent  from  a 
parabolio  orbit  and  desoent  from  a  circular  orbit  looated  1000  km  over  the 
planet's  surface. 
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We  see  from  the  Table  that  when  using  the  most  effloient  ohemioal  fuels, 
the  relative  weight  of  the  payload  oan  bei  _ uring  desoent  on  the  moon,  to 
20-607&)  on  Mars,  to  1 5— 30^6f  to  earth  and  Venus,  less  than  10$.  With  desoent 
on  Jupiter  and  Saturn  the  payload  is  praotioally  aero.  Suoh  a  result  is 
oompletely  natural  sinoe  the  problem  of  deceleration  of  the  spaoeoraft  moving 
with  spaoe  velooity  is,  from  an  energetio  point  of  view,  equated  to  the  pro- 
blem  of  imparting  suoh  velooity  to  it. 

However,  in  spite  of  the  indioated  shortcoming  of  the  desoribed  method 
of  desoent,  it  is  the  only  possibility  when  landing  on  oelestial  bodies  with¬ 
out  a  sufficiently  dense  atmosphere  and,  in  partioular,  whan  landing  on  the 
moon. 

The  seoond  method  of  desoent,  deceleration  of  the  spaoeoraft  by  aerody¬ 
namic  forces,  if  the  oelestial  body  has  an  atmosphere.  As  will  be  shown 
below,  the  accomplishment  of  suoh  a  desoent  is  most  favorable  under  the  condi¬ 
tion  that  the  spaoeoraft  is  preliminarily  oonverted  into  an  artifiolal  satel¬ 
lite  moving  to  a  sufficiently  low  orbit  close  to  olroular. 


TABLE  20 

Characteristic  Velooity  and  Relative  Weight  of  the  Payload  During 
Desoent  with  TJbe  of  Reaotive  Forces 


Mars  I  Jupiter  1  Saturn 


Venus 


Desoent  from  parabolio  orbit 


Oharaoter,  vel,  km/seo. 

13,0 

2,5 

12,0 

5,8 

68,5 

Bel.  wt ,  payload 

1.5 

30 

1,8 

14,3 

0 

41,0 

0,0001 


Desoent  from  olroular  orbit 


Character,  vel,  km/seo 

8,1 

1  1,5 

7,4 

3,4 

46,0 

27,5 

Bel,  wt.  payload 

6,7 

r 

8,5 

32 

0,00001 

0,001 

During  desoent  with  aerodynamio  forces  we  must  oonsider  the  two  main  oases t 
a)  Only  the  drag  foroe  aots  on  the  spaoeoraft  and  its  motion  in  this  con¬ 
nection  occurs  over  a  ballistlo  trajeotoryj 
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b)  In  Addition  to  the  dreg  foroe,  and  aerodynamio  life  foroe  aote  of  the 
spaoeoraft  and  it  moves  along  a  gliding  trajeotory. 

In  the  firet  oaee  the  spaoeoraft,  or  its  descending  part,  oan  he  repre¬ 
sented  as  an  axisymmetrio  body  moving  with  aero  angle  of  attack.  In  the 
eeoond  ease,  it  should  have  lifting  surfaoes. 

Ve  will  examine  the  first,  simplest  oase  to  begin  with.  The  drag  foroe 
aoting  on  a  body  moving  in  the  atmosphere  with  high  velooity  is  determined 
by  the  formula!  t 


R  1 


/  4  A£\ 


where  Cx  -  the  drag  ooeffioient, 

SM  -  the  frontal  area, 

p  -  density  of  the  atmosphere  at  a  given  height, 
V  —  velooity  of  the  spaoeoraft' s  motion. 
Correspondingly,  the  aooeleration  foroe  is 


(1.47) 


where  Q/S„  is  the  load  on  the  frontal  area. 

The  magnitude  of  the  drag  aoting  on  the  spaoeoraft  with  a  diameter  of  1  m 
in  relation  to  the  height  and  its  velooity  of  motion  is  shown  in  Table  21. 


TABLE  21 


L 


Dra"  Versus  Height  and  Velooity,  tons 


rSR 

«• 

[>■ 

'» 

* 

m  ■ 

> '  m* 

;  m 

m-j  • 

W*t.  i 

"am 

4,14 

0.M 

0,f» 

0,048 

\ou 

o^oa 

10,18 

*.« 

0.70 

0,10 

0,00* 

0,000 

mbs 

*7,» 

7.07 

1.B 

0,40 

0,14 

-0,015  • 

mo 

00,20 

14, IS 

*.7* 

0,71 

0.M 

0,007 

M 

1(S, 4 

M.12 

4.M 

1,11 

0,M 

0,042. 

pas 

140,0 

um 

Ml 

m 

0.M 

Ojm 

.  van 

*M 

mjm 

0.M 

a.M 

0,71 

mm 

MM 

M,« 

11,10 

0.07 

0.M0 

.  • 

— • 

*• .  -  / 

.  ./  ,  . 

is  apparent  from  the  data  oited,  the  drag,  and  consequently  the 
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acceleration  force  acting  on  the  spaceship  oan  reach  quite  large  values  if 
the  notion  of  the  spaoeoraft  with  a  velocity  dose  to  spaoe  veloolty  ooours 
at  low  heights.  Consequently,  the  motion  of  a  spaoeoraft  in  the  atmosphere 
should  take  plaoe  over  suoh  a  trajeotory  at  whioh  a  gradual  deorease  in  the 
veloolty  of  its  motion  is  aooomplished  as  the  height  deoreases. 

This  requirement  is  satisfied  hy  trajeotories  at  small  negative  inclina¬ 
tion  angles  of  the  veloolty  veotor  to  the  horisontal  when  entering  the  dense 
layers  of  the  atmosphere  at  heights  of  80-100  km.  Table  22  shows  the  oal- 
oulated  data  characterising  the  inorease  in  the  value  of  the  maximal  accelera¬ 
tion  foroes  acting  on  the  spaoeoraft  in  relation  to  an  inorease  in  the  angle 
of  entrance  into  the  dense  layers  of  the  atmosphere  *^en> 

TABLE  22 


Inorease  in  the  Value  of  the  Maximal  Acceleration  Foroes  with  an  Inorease 


As  we  see  from  the  Table,  an  inorease  in  the  entranoe  angle  into  the  dense 
layer  of  the  atmosphere  from  0  to  5*  leads  to  an  inorease  in  the  maximum  value 
of  the  aooeleration  foroes  by  a  factor  of  2,  and  to  10*  by  about  a  faotor  of  4, 
With  sloping  desoent  trajectories  the  maximal  value  of  the  aooeleration  foroes 
is  about  8-10,  Calculations  show  that  the  value  of  these  overloads  depends 
little  on  the  load  o.i  the  frontal  area  and  drag  ooeffioient  of  the  spaceship. 
At  the  same  time  the  values  of  these  parameters  affeot  the  velocity  of  the 
spaoeoraft  at  the  end  of  the  desoent  phase,  before  its  landing.  The  magnitude 
of  this  veloolty  during  desoent  along  sloping  trajectories  is  olose  to  the 
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velocity  of  the  spacecraft’s  free  fall  in  the  atmosphere  and  is  several  hund¬ 
reds  of  meters  per  seoond. 

Simulateously  with  the  effeot  of  the  aerodynamio  foroes  on  the  spaoeoraft 
there  takes  plaoe  its  intense  aerodynamio  heating.  The  kinetio  energy  whieh 
the  spaoeoraft  had  during  entranoe  into  the  atmosphere  is  oonverted  to  heat 
energy,  causing  an  inorease  in  the  heat  oontent  and  flow  temperature  of  the 
air  washing  the  spaceship.  An  idea  of  the  magnitude  of  this  energy  oan  he 
obtained  from  the  following  figures.  The  kinetio  energy  per  1  kg  of  weight 
of  the  artifioial  satellite  moving  at  a  height  of  several  hundreds  of  kilo¬ 
meters,  corresponds  to  a  thermal  energy  of  about  2.8  *  10^  kcal/kg.  If  we 
assume  that  all  this  heat  is  transmitted  to  the  spaoeship,  then  it  is  more 
than  enough  to  destroy  completely  the  spaoeship  regardless  of  its  oonstruotion. 

Therefore,  the  main  problem  in  realising  aerodynamio  deceleration  of  a 
spaoeoraft  lies  in  dissipating  as  muoh  thermal  energy  as  possible  into  the 
ambient  atmosphere  so  that  the  spaoeoraft  absorbs  a  minimum  of  the  heat  being 
released. 

The  pioture  of  aerodynamio  heating  of  a  spaoeoraft  in  the  atmosphere  oan 
be  represented  in  the  following  manner  (Fig.  30).  In  front  of  the  moving 
spaoeoraft  there  ooours  a  compression  of  the  gas  and  the  so-oalled  shook  wave 
arises.  The  parameters  of  the  gas  behind  the  shook  are  sharply  o hanged*—  its 
temperature  and  pressure  inorease,  physiooohemioal  alterations  of  the  gas 
ooour  (dissociation,  ionisation,  eto.).  Furthermore,  an  inorease  in  the  gas 
temperature  takes  plaoe  in  the  so-oalled  boundary  layer  in  whloh  there  is  a 
deceleration  of  the  onoomlng  flow  relative  to  the  surfaoe  of  the  spaoeoraft, 

A  significant  amount  of  heat  is  transmitted  from  the  heated  gas  washing  over 
the  spaoeoraft  to  its  surfaoe.  The  remaining  part  of  the  released  heat  is 
oarried  away  by  the  heated  gas  and  is  dissipated  in  the  atmosphere. 
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Pig.  30.  Diagram  of  the  motion  of  a  spaoeoraft  in  the  atmospheres 
l)  Shook  wave)  2)  boundary  layer;  K  •  oritioal  point. 


The  greatest  thermal  flux  impinging  on  the  surfaoe  of  the  spaoeoraft  is 
close  to  the  so-oalled  oritioal  point  K  where  there  is  a  oomplete  deoeleration 
of  the  onooming  flow.  The  value  of  the  thermal  fluxes  arriving  at  the  various 
seotions  of  the  spaoeoraft* 8  surfaoe  depends  on  the  parameters  of  its  motion 
and  shape.  The  heat  being  transmitted  to  the  spaoeship  is  partially  radiated 
from  its  surfaoe  and  partially  proceeds  to  heat  its  skin  and  is  transmitted 
inward.  The  surface  temperature  of  the  spaoeoraft  oan  reaoh  values  at  whioh 
the  most  refractory  materials  are  destroyed.  When  the  temperature  exoeeds 
the  melting  point  of  the  skin  material,  fusion  or  evaporation  and  oarry-away 
by  the  onooming  flow  of  the  material  from  the  surfaoe  of  the  spaoeoraft  ooours. 
Then  a  part  of  the  heat  is  absorbed  by  the  prooesses  of  fusion  and  evaporation. 

It  is  evident  that  the  outer  skin  of  a  spaoeship  designed  for  landing 
must  be  made  of  a  material  having  the  maximum  possible  decomposition  tempera¬ 
ture  and  requiring  the  maximum  amount  of  heat  for  fusion  or  evaporation  in 
order  to  avoid  destruction.  Moreover,  the  design  should  provide  for  measures 
of  heat  proteotion  whioh  will  prevent  the  transfer  of  heat  into  the  spaoeship 
to  its  equipment  and  orew,  so  that  the  temperature  Inside  the  spaoeoraft  re¬ 
mains  within  the  permissible  limits. 
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The  values  of  the  thermal  fluxes  and  the  surfaoe  temperature,  as  well  as 
the  amount  of  heat  transmitted  to  the  epaoeoraft  during  the  desoent  phase 
depend  on  the  nature  of  its  trajectory  defined  by  the  value  end  on 

the  load  on  the  frontal  area  G/Sjj. 

The  minimum  intensity  of  the  heat  fluxes  and  the  smallest  values  of  the 
temperatures  take  plaoe  with  the  most  sloping  trajeotories,  i.e.,  when^ent-0* 
With  an  inorease  in  the  angle  of  entranoe  into  the  atmosphere,  the  intensity 
of  the  thermal  fluxes  and  the  temperature  values  inorease  considerably , 

When  the  spaceship  does  not  have  any  speoial  devioes  which  substantially 
increases  its  resistanoe  (frontal-area  loading  of  the  order  of  several  hund¬ 
reds  of  kg/m2),  the  maximum  temperature  on  its  surfaoe  oan  exoeed  the  de¬ 
composition  temperature  (fusion  or  evaporation)  of  presently  known  materials 

2 

and  the  intensity  of  the  thermal  fluxes  oan  reaoh  tens  of  thousands  koal/m  * 
see. 

Severe  heating  of  the  spaoeoraft  is  explained  by  the  faot  that  in  this 
oase  the  deceleration  of  the  spaoeoraft  is  mainly  at  relatively  small  heights 
(40-50  km)  where  the  density  of  the  atmosphere  is  already  sufficiently  great. 

Let  us  imagine  now  that  the  spaoeoraft  is  equipped  with  speoial  devioes 
whioh  substantially  (several  tens  or  hundreds  of  times)  inorease  its  frontal 
area  and  consequently  the  drag. 

We  oan  imagine  suoh  devioes  to  be,  for  example,  parachutes  made  of  speoial 
thermostable  materials  whioh  open  up  before  the  desoent  of  the  spaoeoraft. 

In  this  oaae  the  intense  deceleration  of  the  spaoeoraft  is  started  at 
large  heights  (70-80  km)  and  by  the  time  of  desoent  the  velooity  of  its  motion 
is  considerably  reduoed.  As  a  result  the  intensity  of  the  thermal  fluxes  and 
the  maximal  values  of  the  temperatures  prove  to  be  signif ioantly  smaller  than 
in  the  preoeding  oase.  It  is  neoessary  to  note,  however,  that  the  oreation 
of  strong  braking  devioes  of  thermostable  materials  is  an  extremely  oomplex 
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technological  problem, 

We  will  now  consider  the  aooond  variation  of  desoent,  with  the  use  of 
lifting  surfaoes  for  developing  lift  foroes,  the  so-oalled  gliding  desoent. 
The  lift  foroe  makes  it  possible  in  this  oase  to  maintain  a  small  angle 
between  the  trajeotory  of  the  spaoeoraft  and  the  looal  horizon,  i.e,,  to 
make  the  desoent  trajectory  quite  sloping.  As  a  oonsequenoe  of  this,  de¬ 
celeration  of  the  spaoeoraft  mainly  takes  plaoe  at  large  heights,  in  the 
rareified  layers  of  the  atmosphere  and  over  a  long  time.  Therefore  the  in¬ 
tensity  of  the  termal  fluxes,  the  maximal  temperature  values,  and  the  over¬ 
loads  of  the  gliding  spaoeoraft  are  considerably  smaller  than  one  whose 
desoent  is  over  a  ballistio  trajectory.  For  gliding  spaoeoraft  it  is  pos¬ 
sible  to  develop  a  design  from  existing  materials  whioh  will  not  melt.  In 
addition,  by  ohanging  the  lift  foroe  we  oan  oontrol  to  some  extent  the 
desoent  tranjeotoxy,  thus  ensuring  a  landing  in  a  preassigned  region. 

Thus  are  the  main  advantages  of  a  gliding  desoent  whioh  make  it  possible 
to  oonsider  that  in  the  future  gliding  spaoeoraft  will  be  the  ohief  means  of 
descending  to  the  surfaoe  of  the  earth  and  other  planets. 

We  must  note,  however,  the  considerable  teohnioal  difficulties  whioh 
stand  in  the  pathway  of  realizing  this  means  of  desoent.  A  gliding  eraft 
khould  have  an  aerodynamio  shape  for  its  stability  and  oontrolability  in  an 
extremely  wide  range  of  velooities,  from  subsonio  to  hypersonic.  Its  design 
should  preserve  the  preformanoe  on  heating  of  the  outer  skin  to  temperatures 
close  to  1500-2000*0.  The  oraft  should  be  oontrolled  by  special  automat io 
systems.  For  carrying  out  landing  at  aooeptable  landing  speeds  it  is  neoes- 
sary  to  introduoe  additional  lifting  surfaoes  whioh  open  prior  to  landing. 
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Pig.  31.  desoent  trajeotory  of  a  spaoeoraft  with  a  oiroular  orbits 
R)  earth's  radius)  h^)  heirht  of  oiroular  orbit)  o)  point  of 
transition  to  the  desoent  trajeotory)  AV)  velooity  imparted  to  spaoe¬ 
oraft  for  transition  to  desoent  trajeotory)  1)  section  of  desoent 
trajeotory  lying  outside  dense  atmospherio  layers)  2)  atmospherio 
seotion  of  trajeotory  with  ballistio  desoent)  3)  atmospherio  sec¬ 
tion  of  trajeotory  with  gliding  desoent. 

A  comparison  of  the  two  methods  of  desoent  examined  above  shows  that 
the  ratio  of  the  weight  of  the  payload  to  the  total  initial  weight  of  the 
spaoeoraft  during  desoent  with  the  employment  of  aerodynamic  foroes  is  sig- 
nifioantly  more  favorable  that  with  desoent  using  reaotive  foroes.  The 
weight  of  the  means  of  heat  protection,  lifting  surfaoes,  and  other  elements 
of  the  spaoeoraft  is  less  than  the  weight  of  the  fuel  needed  for  braking  the 
oraft  with  jet  engines. 

In  oonoluslon  we  will  desoribe  the  prooess  of  a  desoent  from  orbit  of 
an  artifiolal  satellite  (Pig.  31).  Imagine  that  the  desoent  is  accomplished 
from  a  oiroular  orbit  several  hundreds  of  kilometers  over  the  surface  of 
the  earth.  For  transition  of  the  spaoeoraft,  or  its  descending  part,  into 
the  desoent  trajeotory  it  is  neoessary  to  impart  to  it  a  oertain  velooity 
£7  in  a  direotion  opposite  to  its  motion  in  orbit.  When  dV  equals  200-300 
a/seo,  an  entranoe  angle  of  several  degrees  into  the  dense  layer  will  be  pro¬ 
duced.  Tbs  motion  in  the  atmosphere  oan  prooeed  over  a  ballistio  trajeotory 
2  or  over  a  glide  trajeotory  3.  As  a  result  of  the  aerodynamlo  deceleration. 
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the  velocity  of  the  spaoeoraft  is  redueed  to  several  hundreds  of  meters  per 
seoond.  After  this  landing  of  the  oraft  must  he  oarried  out,  for  vhioh  its 
volooity  should  he  reduoed  to  a  value  vhioh  will  assure  a  safe  landing  of 
the  oraft  and  erew  on  the  earth  or  water.  For  this  purpose,  besides  a  glid¬ 
ing  landing,  it  is  possible  to  use  paraohutes  or  retro-engines  for  landing. 
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.'"FIRST  lint.  I  U  XI 

|  Artificial  Satellite  s  and  the  Problem  o£  Interplanetary  Jlighta 

Tor  the  flret  tine  the  question  of  the  possibility  of  tending  a  Space- 
ehip  beyond  the  limits  of  the  earth* e  at no sphere  vae  theoretically  solved  in 
the  beginning  of  the  20  th  century  by  the  outet&nding  fine  elan  sclent  let  K.  X. 
Tsiolkovskiy,  who  proved  that  the  nediua  for  space  flight  should  be  the  rock¬ 
et.  K.  1*  Tsiolkovskiy  worked  out  a  nuaber  of  problens  on  interplanetary 
flight,  and  was  the  first  one  to  suggest  the  principle  of  the  rocket  working 
on  liquid  fuel  bttd  Idid  thb  dcientiflc  foundation  the  poesibility  of  at¬ 
taining  celestial  velocities  with  the  aid  of  compound  rockets.  He  Is  right¬ 
fully  called  the  father  of  astronautics. 

At  the  tine  when  X.  1.  Telolkovskly  began  his  activity,  in  the  beginning 
of  the  20th  century,  there  ezleted  no  real  technological  facilities  for  ac- 
complishing  flights  out  into  space.  However,  he  finely  believed  in  the  power 
of  the  human  aind.  "Humanity  will  not  reaaln  only  on  the  earth,"  he  wrote, 
"but  in  striving  for  light  and  space,  will  at  first  penetrate  tinldly  beyond 
the  limits  of  the  ataosphere,  and  then  conquer  all  the  space  around  the  sun." 

At  the  present  time  we  are  witnesses  to  a  decisive  step  toward  the  ac¬ 
complishment  of  this  grandiose  taak. 

The  creation  of  the  first  artificial  satellites  and  space  rockets  should 
be  considered  as  a  decisive  practi  cal  stop  on  the  path  to  the  accompli ehment  of 
interplanetary  flights  for  a  nuaber  of  reasons. 

first,  the  launching  of  artificial  satellites  and  space  rockets  marks  the 
attainment  of  a  level  of  rocket  technology  at  which  it  becomes  possible  to  at- 
tain  the  velocities  of  celestial  bodies,  such  as  are  necessary  to  accomplish 
flights  beyond  the  limits  of  the  earth's  ataosphere. 

Secondly,  the  creation  of  successively  more  perfected  space  equipment 
will  make  it  possible  to  solve  all  basic  problems  in  a  practical  way  that  are 
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fig.  jO.  Diagram  of  interplanetary 
flights 

Parti  of  flight:  la — oarth  sat ti¬ 
ll  ti  leaving  for  orbit;  lb— flying 
away  from  orbit  of  oarth  satellite; 
list— transfer  to  orbit  of  aoon  (Mare) 
satellite;  lib— landing  on  noon 
(Hare);  Ilia— leaving  for  orbit  of 
aoon  (Mars)  satellite;  Illb— flying 
away  from  orbit  of  aoon  (Mari);  IV — 
transfer  to  orbit  of  earth  satellite. 


{connected  with  an  extended  stay  of  an  in¬ 
terplanetary  ship  with  people  aboard  oat 
In  space.  Together  with  this  fact,  the 
solution,  for  example,  of  such  a  problem  as 
the  releasing  of  people  and  equipment 
from  artificial  satellites,  will  prove 
to  be  at  the  same  tine  the  solution  of  the 
problem  of  bringing  back  Interplanetary 
travelers  from  a  space  flight. 

Andflnally,  in  accordance  with  aod- 
ern  concepts,  artificial  satellites  of 
the  earth  and  planets  are  necessary  as  in¬ 
termediate  stations  in  accomplishing  inter* 
planetary  flights. 

Let  us  dwell  in  detail  on  this  ques¬ 
tion.  An  analysis  of  the  prospects  for 
interplanetary  flights  leads  most  authors 
to  conclude  that  it  Is  impossible  to  ac¬ 
complish  a  flight  even  to  the  nearest  ce¬ 
lestial  bodies  (Mars,  Terms)  with  the  aid 
of  a  single  rocket  for  a  spaceship  setting 
out  from  the  earth. 

The  basic  difficulties  in  accompli st* 
ing  interplanetary  flights  can  be  illus¬ 
trated  by  examples  of  flights  to  the  soon 


and  to  Mars.  A  diagram  of  such  flights  is  given  in  Tig.  50.  The  orienting 

valves  for  the  speeds  which  the  rocket  should  attain  on  the  different  laps  of  Its 
movement,  and  also  the  value  for  tho  total,  so-called  characteristic  velocity. 


f/RSMhfigifraaxtn  Table  25 


Table  25 


Telocity  o£  Rocket 1 »  Moveasnt  Tllaht  to  MC on  and  Mare.  ka/Sec 


Required  Telocity 

night  earth — 

]  night  earths 

_ _ _ _ 

aoon— earth 

1  Mars— earth 

In  leaving  the  earth} 


a)  for  coaing  onto  the  orbit  of 

the  earth's  satellite 

b )  for  flying'  away  from  the  orbit  of 

10.0* 

10.0* 

the  earth's  satellite 

On  landing  on  the  planet} 

a)  for  transfer  onto  the  orbit  of 

3.0 

3»^ 

the  planet's  satellite 

b)  for  landing  on  the  surface  of 

0.7 

2.0 

the  planet 

In  flying  away  from  the  planet: 

a)  for  coaing  onto  the  orbit  of 

2.0* 

4.5* 

the  planet's  satellits 

b)  for  flying  away  fron  the  orbit  of 

2.0* 

4.5* 

the  planet's  satellite 

0.7 

2.0 

In  returning  to  the  earth 

J.o** 

3.4** 

Total  characteristic  velocity 

21.4 

29.8 

•The  values  presented  for  the  velocity  exceed  the  velocity  of  the  aoveaent 
of  the  satellites  by  the  value  for  the  losses  caused  by  the  force  of  gravity 
on  the  lap  of  the  departing  flight  er  the  landing. 

••Here  one  has  la  alnd  the  changes  In  the  velocity  which  assure  the  transition 
onto  a  circular  orbit  located  at  an  altitude  of  soae  hundreds  of  klloaeters 
abovs  the  surfuce  of  the  earth.  TUrther  launching  can  be  accomplished  without 
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-  thecceseaption  of  fuel  bjr  taking  advantage  of  aerodynaalc  force*. 

Troi  th*  table  It  la  teen  that  the  eharaeterietlc  velocity  in  a  flight  to 
the  aoon  aaounts  to  aore  than  21  ka/aoc,  and  In  th*  caee  of  a  flight  to  Hare  to 
about  30  ka/eec. 

An  analysis  cf  the  poeeibilitiea  of  rooket  technology  Indicate*  that  by 
aaklng  nee  of  rhe  beet  cheaical  fuel*,  or  the  aethode  of  the  us*  of  nuclear 
energy  known  at  th*  present  tiae,  rockets  which  possess  the  characteristic  vel¬ 
ocities  shown  should  have  an  initial  weight  that  weald  exceed  aany  thousands  of 

y  i  '  ■»  i  '  ' 

tons. 

Th*  creation  of  rockets  of  such  great  weight  lies  beyond  the  Halts  of  th* 
technological  possibilities  of  the  near  future.  Therefor*  the  accoaplishaaat 
of  flights  to  other  planets  by  such  a  very  staple  scheae,  which  assuaea  that 
the  spaceship  starts  directly  froa  the  surface  of  the  earth,  apparently  la  not 
within  th*  reala  of  possibility  ,  at  least  until  such  a  tine  a*  there  shall  be 
found  new  asthods  of  obtaining  reactive  force  which  are  different  froa  those 
used  at  the  present  tiae. 

However,  there  is  another  plan  for  accoapllshing  interplanetary  flights— 
with  the  us*  of  artificial  satellites  of  the  earth  and  planets  as  lnteraeiiat* 
stations.  The  idea  of  using  artificial  satellites  in  the  accoapllshaent  of 
interplanetary  flights  was  expressed  by  K.  1.  Tslolkovskly  and  developed  in  th* 
work  of  a  nuaher  of  his  successors. 

On*  of  th*  possible  variants  of  interplanetary  flight  can  be  presented  in 
this  case  la  th*  following  way 1 

a)  One  creates  an  artificial  satellite  sowing  in  soae  orbit  around  the  earth 
at  a  sufficiently  great  altitude.  Through  successive  trips  of  soae  rockets  on* 
acoeaplishes  th*  transportation  to  th*  satellite  of  supplies  of  fuel  and  con¬ 
struction  eleaents  for  building  a  space -ship.  The  asseabllng  of  the  space¬ 
ship  froa  separate  eleaeate  is  accomplished  on  the  orbit  of  the  satellite. 
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first  lint  b)  Oil  accomplishes  the  flight  from  the  orbit  of  tho  satellite  of  the 
Oarth  to  the  planet  which  it  the  goal  of  the  journey.  The  spaceship  is  con¬ 
torted  into  an  artificial  satellite  of  this  planet. 

c)  With  the  creation  in  this  way  of  an  artifical  satellite  of  the  planet 
one  accomplishes  the  flight  to  its  surface  and  bach  again.  For  this  flight 
one  uses  a  part  (one  of  the  phases)  of  the  spaceship.  Another  part  of  it, 
assuring  the  return  later  to  the  earth,  continues  in  the  meantime  to  move  in 
the  orbit  around  the  planet. 

•  tit 

d)  The  flight  is  made  from  this  orbit  to  the  orbit  of  the  artificial  sat¬ 
ellite  of  the  earth. 

The  passengers  are  released  with  the  necessary  equipment  from  the 
orbit  of  the  earth's  satellite  onto  ite  surface.  This  lap  of  the  flight  can 
be  accomplished  almost  without  the  expenditure  of  fuel,  basically  by  using  ae¬ 
rodynamic  forces. 

The  apparent  advantages  of  such  a  plant  of  interplanetary  flight  are. 
first  the  possibility  of  accumulating  on  the  artificial  satellite  of  the  earth 
considerable  supplies  of  fuels  and  materials  for  assembling  a  space-ship  of 
of  sufficiently  great  dimensions  and  weight.  When  this  is  done  each  of  the 
rockets  accomplishing  the  transportation  o'  che  necessary  materials  onto  the 
orbit  of  the  artificial  satellite  does  not  need  to  have  too  great  an  initial 
weight  (for  example,  of  the  order  of  several  hundreds  of  tons). 

In  the  second  place  a  considerable  reduction  in  the  weight  of  that  part 
of  the  space-ship  which  is  to  accomplish  the  landing  of  the  cabin  with  the  pas¬ 
sengers  on’ the  planet  which  is  the  destination  of  the  flight  and  the  departure 

-  s 

from  ii  is  attained.  In  accomplishing  the  flight  by  the  first  scheme  the  weight 
of  this  part  of  the  spaceship  would  be  several  times  as  great,  se  that  the 
useful  load,  outside  of  the  cabi\  and  passengers,  would  have  to  include  also 
those  phases  of  h»  rocket  necesoiry  for  the  final  return  to  the  earth. 


first  line  ShtEpnrticular  it  that  a  space  ship  accomplishing  a  flight  between  th® 

orbits  of  th®  artificial  satellites  (*o- celled  orbital  thip)  can  at®  engine® 

| 

that  hove  a  thrutt  considerably  lots  than  it®  weight.  Tbit  circumstances  open® 
np  th®  real  prospects  for  the  ate  in  Orbital  thip  of  eleetroreaetiT®  engine®, 

and  thii  makes  pottible  a  contlderablO  inereate  in  the  atefal  load. 

i 

for  farther  visual  lllaetration  Of  the  advantages  of  accompli thing  the 
Interplanetary  flight®  by  the  eeeoad  scheme  we  preient  comparative  evaloationt 

of  the  bati®  characteristics  of  the  rock* 
i  eti  for  the  method®  of  flight  under  con¬ 
oid®  rat  ion.  for  this  purpose  we  make 

uie  of  the  formal®  (1.43)  which  deter¬ 
mine®  the  ratio  between  the  characteristic 
velocity  of  the  rocket  and  the  relation 
■hip  of  it®  weight  to  the  weight  of  the 
atefal  load  with  the  optima®  figure  for 
the  phases. 

Let  a®  assume  that  the  veleclty 
at  the  expiration  of  the  rocket's 
reactive  exhaust  c  amounts  to  4000—5000 
m/®ec,  bat  the  relative  weight  of  the 

construction  sfr  0.1,  which  corresponds  to  a  very  high  stage  of  perfection  in 
the  construction  of  the  rocket. 

The  ratio  of  the  initial  weight  of  the  compound  rocket  to  the  weight  of 
the  atefal*  lead  as  depends  on  the  characteristic  velocity  in  this  case  can  be 

-  S 

determined  by  the  graph  presented  in  fig.  51* 

.1 

On  the  basil  of  this  graph  one  can  establish  that,  with  a  weight  of  umeftl 
load  (cabin  with  passengers  and  necessary  equipment)  of  Qns  10  fens  and  £  = 

4000  m/eec,  the  initial  wel£it  of  the  rocket  with  the  aid  of  which  it  lq  poe- 


of  the  rocket  to  the  weight  of  the 
useful  lead  as  depends  on  the  char¬ 
acteristic  velocity. 
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*  F/Rsi»tiWt«blOf#ffcoapllBh  the  flight  to  the  noon  by  the  first  scheae,  should  Mount 

to  about  10.000  tons.  Tor  a  flight  to  Haro  under  the  mm  conditions  on# 

i 

would  need  a  rocket  with  a  weight  of  nore  than  180.000  tons.  With  £  =5000  n/ssc 
the  initial  velocities  would  Mount  tot  for  the  flight  to  the  noon,  about 
3000  tons  Md  for  the  flight  to  Mars,  about  25.000  tons. 

Let  us  consider  new  what  characteristics,  under  such  conditions,  rockets 
should  have  in  accomplishing  a  flight  by  the  second  aethod.  The  basic  charac¬ 
teristics  of  such  rockets  on  the  assumption  of  using  engines  with  a  final  vel- 
l  ip-:  i".!  ■  w.i 

ocity  of  £  s  4000  a/ sec  with  relative  weight  of  the  stages  of  the  rockets 

the 

af  st  0.1  are  shown  in  Table  26.  Vith  thisAratlo  of  the  initial  weight  of  the 

rockets,  assuring  the  attaining  of  the  necesMry  velocities  on  the  separate  laps 

is 

of  the  flight,  to  the  weight  of  their  useful  load.^also  determinable  froa  the 
graph  shown  in  Pig.  51*  Proa  the  data  given  in  Table  26  one  sees  that  .in 
flights  to  the  aoon  and  Mars,  the  total  weight  of  the  fuel  and  the  eleaents 
of  the  construction  in  passing  froa  the  first  to  the  second  schMO  for  accoa- 
pll thing  the  flight  is  reduced  respectively  by  factors  of  2  and  4.5.  Vith 
the  second  sohtse  the  first  lap  of  the  flight  can  be  realised  through  the 
launching  of  a  nuaber  of  freight- carrying  rockets  with  a  weight  of  soae  hund¬ 
reds  of  tons  each,  whersas  with  the  first  scheae  of  flight  one  has  to  create 
airships  capable  of  starting  froa  the  surface  of  the  earth  Md  possessing  an 
initial  weight  of  thousands  Md  hundred  i  of  thousacde  of  tons. 

The  data  presented  clearly  show  the  advMtagee  obtained  by  using  ax*» 
tlflcial  satellites  in  lnterplMstary  flights. 

It  la  not  to  be  denied  that  the  accoapliehing  of  interplMetary  flights 
with  the  use  of  artificial  satellites  requires  the  solutions  of  eoaplicated 
technical  problMs.  Aaong  such  preblMs  in  the  first  place  one  finds?  the 
precise  launching  of  a  great  nuaber  of  trMsportlng  rockets  to  the  orbit  of 
the  artlflclal-Mtelllte  etatioa  ,  their  approach  Md  the  asseabling  of  a 
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with  the  U»i  of 


Basic  Characteristics 


night  tartly  night  earth— 


noon— earth 


Msr  s—  earth 


Rockett  for  delivering  the  part*  of  the  space- 
ghlp  to  the  orbit  of  the  artificial  satellite 
of  the  earth  (flight  lap  la)* 


characteristic  ssicoity,  ka/sec 

10 

10 

initial  weight  (total),  tons 

5.5*0 

38, *00 

overall  weight  of  useful  load,  tons 

205 

1.430 

Socket  for  pasting  to  the  orbit  of  the  arti¬ 
ficial  satellite  of  the  planet  (flight  laps 
Xb  and  XIa)* 


characteristic  velocity,  ka/sec 

3.7 

5.4 

initial  weight, tons 

205 

1.430 

weight  of  useful  load,  tons 

61 

242 

Rocket  for  descending  to  the  surface  of  the 
planet  and  aecending  froa  it  (flight  laps 
IXb  and  IXXa)* 

characteristic  velocity,  fca/ sec  4.0  9.0 

initial  weight,  tons  37  193 

weight  of  Useful  load  (cabin,  crew,  and 

equipment),  tons  10  10 

Socket  for  flight  to  the  orbit  of  artificial 
earth  satellite  (flight  laps  XXXb  and  XT)* 
characteristic  Telocity,  ka/sec  3.7  5.4 

(continued  on  next  page 

•Parts  of  flight  shown  in  Pig.  50. 
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initial  weight  tone 


59 


weight  of  ueeful  load  (cabin  with  crew  and 
equipment  10  10 

epaceehip  out  in  space,  navigation  while  acconpliehing  the  flights  between  the 
orbits  of  the  artificial  satellites,  etc.  However,  this  way,  at  the  present 
tine,  apparently  proves  to  be  thejsnly  one  with  real  prospects  for  accom¬ 
plishing  interplanetary  flights. 

Looking  out  into  the  future  one  can  picture  the  basic  etages  by  which  man¬ 
kind  will  accomplish  flights  to  other  celestial  bodies: 

a)  preparatory  research  of  the  basis  problems  of  space  flight  with  auto¬ 
matic  artiflcal  satellites  of  the  earth|  accomplishing  space  flights  of  rock- 
ets  with  automatically  working  equipment; 

b)  the  creation  of  artificial  satellites  of  the  earth  with  people  on 

them  and  permanent  artificial-  satellite  stations;  detailed  working  out 

on  them  of  all  the  basic  problems  of  space  flight;  solvlig  the  problems  of 
releasing  people  and  equipment  from  a  satellite  to  the  earth; 

c)  the  accomplishment  by  man  of  flights  to  the  moon  and  nearby  planets 
without  landing  on  their  surfaces; 

A)  passing  over  to  interplanetary  flights;  subsequent  study  of  the  dif¬ 
ferent  planets  of  the  solar  system  by  the  organisation  of  expeditions  to  them. 

from  all  that  has  been  said  it  is  apparent  how  great  the  importance  of 
artificial  satellites  is  for  accomplishing  flights  to  other  celestial  bodies. 
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Study  of  Interplanetary  Oas 


i 


The  question  concerning  the  nature  and  concentration  of  interplanetary  gas 

I 

is  difficult  to  solve  in  tba  present  statue  of  astrophysics  with  the  aid  of  obeerj- 
vatiens,  oonduoted  from  the  earth's  surface.  This  problem*  whieh  has  great  sig* 
nifloanee  for  explaining  the  proeeaaes  of  the  exehange  of  gas  between  an  Inter* 
planetary  medium  and  the  surfaee  layers  of  the  earth's  atmosphere*  and  for  stud* 
ying  the  conditions  of  propagation  of  the  sun's  corpuscular  radiation*  may  be 
solved  with  the  aid  of  instruments*  installed  on  rockets*  which  move  directly 


in  interplanetary  space. 


I  (hi  the  basis  of  data  from  observations  of  polarisation  of  sodiaoal  light* 

the  study  of  propagation  of  the  so-called  whistling  atmospherics  (low-frequenoy 
electrcmagoetic  oscillations,  called  electrical  discharges),  can  be  taken  as  the 
most  accurate  model  of  an  interplanetary  medium,  the  constituent  parts  of  which 

I  are  characterised  by  the  following  featured 

i  a 

stationary  plasma  with  tanqperature  I  slOT  K,  containing  electrons  and  pro* 
tons  with  energies  V  and  velocities  VI  j 

electrons  V  *0.87  ev,  V  «■  6*3  .  10 7  cm /sec 
protons  V  =  0*87  ev*  Trl,5  *  10 4  cm/sec 

j 

stationary  plasma  with  temperature  T*10rK*  containing  electrons  and  proton^ 
with  energies  and  velocities*  j 

electrons  Wc0.8  ev*  Vs 2.10* em/aec 
protons  ¥■=  8,7  ev*  Vs4*7  •  104  em/seo 

sporadic  corpuscular  flux,  containing  electrons  and  protons  with  energies 
and  velocities t 

electrons  W^T25  ev,  V^r3*  10  *  cm/aec 
protons  V^45  ev,  V^3  •  10 *  sa/sec 
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particles  of  oxtamal  radiation  baits,  with  which  tha  aarth  la  rotatad  at 

| 

distances  of  several  aarth  radii,  which  primarily  consist  of  dec tr oca  aad  protons 
haring  anarglaa  and  raloeitiaai 

elec  trees  V  >  200  er,  ▼  >  8*4  •  J.0*  em/see 


protons  V  ^  200  ar,  T>  2,  10 7 


aa/sec . 


For  experimental  rarlfieation  of  our  prcaantations  concerning  Interplanetary 

gas  In  the  region  of  the  aarth  and  far  beyond  its  limits,  so-called  proton  catchers 

| 

ware  used  on  Sorlet  oosmlo  rockets* 

Va  will  stop  for  a  description  of  one  type  of  these  proton,  or  ion  catchers* 

! 

▲  Trip le-clectrode,  ion  catcher  (fig*  6l)  represents  an  Instrument,  composed 
of  a  collector  and  two  grids  —  internal  land  external,  which  separate  the  colleo- 

tor  from  the  rerolrlng  spaoc  container*  negatire  potential  relative  to  the  body 

i 

of  the  container  <pK  ,1s  maintained  at  the  j  collector t  negatire  potential ,  the 
creating  field,  which  retards  tbs  photoelec trena,  which  are  emitted  by  the  collec¬ 
tor,  is  maintained  at  the  internal  grid)  at  the  external  grid,  potential <p^,is 
maintained*  positive,  negatire  or  sawtooth,  depending  on  the  designation  of  the 
catcher* 


▲  rarlatiag  current,  flowing  in  the  collector's  circuit  of  such  a  catcher, 
can  determine  the  flow  density  of  these  or  any  charged  particles*  which  hit  on 
the  collector*  Ve  can  'sort*  these  particles  according  to  charge  alga  and  ener¬ 
gies,  changing  the  voltage  on  the  catcher's  grids  (or  simultaneously  applying  sere* 
ral  catchers  with  different  voltages  on  the  grids)  and  taking  into  account  the  •in 
of  the  total  current,  established  by  a  flux  of  charged  particles,  hitting  on  the 


catcher's  oollsctcr* 
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Tig*  61.  Trip Is -elec trod#  ion  oatoheri 
3—  external  grid)  4—  body  of  the  coo 


1—  collector  i  2- 
tainer. 


„r, 


1 


la tonal  grid) 


I 


Tig.  62.  Amplifying  cascade. 

An  amplifying  cascade,  fey  Mans  of  which  art  produced  tha  power  of  current* 
in  the  elreuit  of  each  catcher's  oolleoter,  la  Indicated  In  fig.  62, 
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Biological  Investigations 

Biological  investigations  on  altitude  rockets  and,  especially  on  artifi¬ 
cial  earth  satellite*,  are  the  Boat  important  steps  in  preparing  for  nan's  fli¬ 
ght  into  cosmic  space*  To  this  factor  is  relatedt  the  effeot  of  overloads  at 
the  rocket's  start,  the  state  of  weightlessness  under  free  flight  conditions  in 

orbit,  the  effect  of  various  radiations  on  the  living  organism,  the  state  of 

» 

a  highly-organised  living  being  in  a  hematic  cabin,  and  the  adaptability  of  a 
living  organism  to  conditions,  appreoclmte  to  a  cosmic  flight.  Investigations 
in  these  directions  ere  conducted  on  mjee,  small  pigs,  rabbits,  dogs  and  monkeys^ 
Monkeys,  as  a  rule,  ascend  in  the  rockets  in  a  narcotic  state,  which  significan¬ 
tly  lowers  the  value  of  the  conducted  Experiment*  Soviet  physiologists  conduc¬ 
ted  a  series  of  successful  experiments  on  dogs  at  the  take-offs  of  geophysloal 

I 

rockets  down  to  an  altitude  of  470  km*  The  experimental  animals  were  safely  re¬ 
turned  to  the  earth,  where  their  condition  scarcely  deviated  from  normal*  The 
vast  material  accumulated  by  Soviet  physiologists  at  take-offs  of  altitude  roc¬ 
kets  allowed  for  the  making  of  c  cap  let#  determined  conclusions  concerning  the 
possibility  of  sending  a  living  organism  into  cosmic  spaoe* 

Biological  investigations  on  artificial  earth  satellites  were  conducted 
to  broaden  our  knowledge  concerning  the  stay  of  a  living  organism  in  sosmlc  fli¬ 
ght  conditions*  In  contrast  to  the  biological  investigations  on  altitude  roc¬ 
kets,  the  artificial  satellites  are  used  to  study  the  effects  of  prolonged  in¬ 
fluence  of  accelerations,  noise  and  vibrations  at  the  launching  of  the  satellite 
up  to  the  n onmnt  of  its  exit  to  orbit  and  the  prolonged  state  of  weltfrtlessness 
during  orbital  flight* 

Tor  providing  an  animal  with  all  the  necessary  living  conditions  during 
tbs  eoanio  flight,  and  also  for  registering  an  animal's  physiological  functions. 


76 


a  spaoial  apparatus  la  usad,  oarmspcndlag  to  high  raqulransnts  £a  dasign* 


fig*  80.  Physiological  Apparatus  Sat» 

1—  Bierophooai  2—  automatic  prassura  darioa)  3—  autonomous  racordarj  V- 
first  amplifying  and  distributing  block j  j  5—  saooad  amplifying  and  distributing 
block)  6—  Toltaga  oocTsrsicD  block)  7f-  tompsratura  alananta j  8—  unit  fcr 
unirlm  artarlal  prassura)  9****  braa thing  unit)  1CW  unit  for  record i wg  notion* 
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fig.  8l.  Block-diagram  of  tbs  physiological  apparatus. 
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Kqr  to  fig*  01, 


1.  Units 

11*  Amplifier 

2*  Respiration 

12*  iapliflar 

3*  Sleetrocardlogram 

13*  Commutation  block 

4*  Osc illations 

14*  Program  device 

3*  Body  tesperature 

15*  kleotrical-feed  sources 

6*  Movemnt 

1 

16*  Automatic  pressure  device 

!  7*  Narks 

17*  To  radlotslamtrlo  system 

0*  Pressure  in  cup 

1 

9*  Cabin  temperature 

10*  Cabin  pressure 

i 

i 

' 

Dm  following  apparatus  la  inserted  in  the  eaks-up  of  tha  hermetlo  oabln'a 

j 

equipment  i  a  regeneration  device  with  an  automatic  ays tan,  a  regulator  of  air 
temperature  In  tha  hematic  oabin,  an  automatic  darloa  for  faadlng  and  providing 
watar  for  tha  an  Inal,  an  attaofamnt  far  fixing  tha  an  Inal' a  position  In  tha  cabin, 
and  a  oat  of  physiological  units  togotbar  with  an  amplifying  and  oconutation  block 
and  a^pllflars. 

With  tha  aid  of  tha  physiological  units,  which  arc  distrlbutsd  on  tha  anlml 
(fig*  00)*  indloas  arc  reoordad,  characterising  tha  stats  of  respiration  and  blood 

I 

circulation  of  the  anlml  In  flight,  and  namlyi  rates  of  hsart  contraction  by 
mans  of  recording  the  bloc ur rents  of  tha  heart;  tha  amounts  of  — xlmum  artarlal 
blood  pressure  by  the  oscillation  mthod  at  periodic  reduction  of  the  exposed  la 
a  carotid  skin  shred  by  mans  of  a  special  cup.  Furthermore,  the  actography  mthod 
if  used  with  tha  notion  unit  for  eating  a  Jud^ant  concerning  tha  animl's  motive 
activity* 


?R 


Biocurrents  are  recorded  by  means  of  silver  • lac tr odea,  inaartad  under  the 
anlaal'a  akin*  Tha  uaa  of  tensolytlc  rhaoatat  unitt ,  applied  in  the  for***  of  belta 

en  the  animal's  ground  eell,  permits  the  respiration  rates  to  be  recorded.  The  oa-» 

i  : 

eillatian  unit*  which  converts  pulse  vibrations  of  the  carotid  walls  in  electrical 
oscillations  by  — nnn  of  a  piezocrystal,  records  arterial  pressure*  lbs  animal's 
movements  are  recorded  by  a  potent  i  caw  trie  unit*  A  block-diagram  of  this  appara- 
j  tus  is  presented  in  fig*  8l* 

Tor  providing  the  animal's  food  under  weightless  conditions*  speoial  food 

I 

i  gelatinous  mas  see  are  processed,  containing  the  necessary  quantity  of  water* 

i  j 

| 

A  special  sanitising  unit  is  provided  for  the  animal's  functions* 

I 

ty  means  of  extensive  training  under  laboratory  conditions  and  experiments 

I 

conducted  many  times  a  day,  the  animal  is  prepared  for  a  flight  an  an  artificial 
earth  satellite* 


I 
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Second  Soviet  Cosmic  Rocket,  First  Flight  To  The  Moon 
The  launching  of  the  second  Soviet  cosmic  rocket  to  the  Moon  htes  carried  out 
on  September  12,1959*  The  purpose  of  the  launching  was  to  investigate  cosmic  space 
and  realization  of  the  first  flight  to  the  Moon.The  last  stage  of  the  rocket  weighed, 
after  consumption  of  fuel,  exactly  1511  kg.  Control  of  the  rocket  along  the  final 
stretch  was  automatic-  with  a  special  control  system. 

On  the  last  stage  in  piggyback  fasion  rode  the  separable  cosmic  apparatus 

(capsule  with  scientific  and  radio  technical  equipment,  the  apparatus  in  its  construe 

tion  resembled  the  outfit  mounted  on  the  first  Soviet  cosmic  rocket.  Separation 

of  the  apparatus  (capsule)  was  realized  after  disconnecting  the  power  plant  of 

small 

the  last  stage.  Upon  separation  the  capsule  aequireHYsdditiooal  velocity  relative 
to  the  rocket. 

The  scientific  instruments  carried  on  beard  the  cosmic  apparatus,  secured  * 
investigation  of  the  magnetic  fields  af  the  Barth  and  Moonj 
investigation  of  radiation  bands  around  the  Earthi 
investigation  of  intensity  and  cosmic  radiation  intensity  variational 
investigation  of  heavy  particles  in  cosmic  radiation} 
investigation  of  gaseous  component  of  Interplanetary  matter  1 
investigation  of  meteoric  particles. 

To  transmit  scientific  information  back  to  Barth  and  to  measure  the  trajectory 
parameters  ths  apparatus  carried  a  radio  transmitter  .operating  on  a  frequency  sf 
I83. 6  ms.  as  well  as  a  radio  transmitter, operating  on  frequencies  of  39*976  and 
19*993  Sifftals  of  the  latter  cam  in  form  of  pulses  of  variable  duration  from 
0*2  to  0*8  sec.,  following  at  repetition  frequency  of  1  t  0.13  e. 

Tbs  given  temperature  of  (20-?5°C)  was  maintained  by  •  thermo-control  system 


'T 


and  proper  idnat  treatment  of  the  ship' a  outer  surface* 

In  addition  to  the  radio  trananittars  located  in  the  aeparating  cosmic  apparatus, 
directly  during  the  laat  stage  was  activated  a  radio  transmitter  operating  on  fre¬ 
quencies  of  20*003  and  19*997  me.  With  the  aid  of  this  radio  transmitter , emitting 
signals  in  form  of  telegraph  messages  with  a  duration  of  from  0*8  to  1*5  sec* was 
carried  out  radio  observation  over  the  flight  of  the  lest  stage  and  data  concerning 
cosmic  radiation  intensity  were  transmitted*  luring  the  last  stage  there  was  also 
a  special  device  for  the  creation  of  an  artificial  sodium  comet* 

Total  weight  of  scientific  and  entering  devices  carried  on  board  the  Soviet 
cosmic  rocket  together  with  the  power  sources  and  cosmic  apparatus  was  390*2  kg* 

The  rocket  oarried  banners  with  the  state  emblem  of  the  USSR  and  inscription 
■USSR*  September  1939* •  Safety  of  the  banners  during  encounter  with  the  Moon  was 
provided  by  proper  structural  measures*  Steps  were  also  taken  to  prevent  contamina¬ 
tion  of  the  lunar  surface  by  terrestrial  microorganisms. 

The  flight  trajectory  of  the  second  Soviet  cosmic  rocket  (fig. 103)  was  selected 
in  such  e  manner  that  during  its  approach  to  the  Hocn  and  at  the  sonant  of 
smstaitxatthxthaxMasm  encounter  the  Moon  should  be  over  observation  points  situsted 
in  the  USSR,  sear  upper  culmination*  i*e*that  its  elevation  above  the  horizon  should 
be  at  mnTlin*  The  most  favorable  conditions  for  radio  communication  have  been 
secured* 


See  Page  81a  for  Figure  103 


Fig* 103*Sc hematic  drawing  of  tha  trajectory  of  aaccnd  Soviet  cosmic  rocket 
1-orbit  of  Moon i  2-plene  of  rocket  trajectory)  3*  scintillation  of  rocket) 

4-plane  of  lunar  orbit)  5*  position  of  Moon  nt  the  moment  of  rocket  etart* 

The  selected  trajectory, of  hyperbolic  type*  secured  the  duration  of  tha  lunar 
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Fig.  103.  Schematic  drawing  of  the  trajectory 
of  second  Soviet  cosmic  rocket. 
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trip  at  about  36  hours*  Tha  Telocity  of  notion  of  the  rocket  at  the  end  of  the 
aeparation  section  was  soasvhat  higher  than  the  local  parabolic  Telocity* 

The  selection  of  trajectory  has  bean  preceded  by  a  greater  aatheaatical  opera- 
tion*carrisd  out  with  the  aid  of  high  speed  electronic  computers.  When  asking  the 
calculations  in  addition  to  the  gravitational  forces  of  lerth  and  Moon  it  was  found 
necessary  to  consider  also  the  deviation  of  the  terrestrial  gravitational  field 
from  the  central  (as  result  of  Berth's  compression  *  shrinkage)  and  disturbing  effect 
of  solar  gravitation*  is  result  of  ths  calculations  was  established  the  optimum 
trajectory*  offering  marl  mum  value  of  useful  load  weight.and  the  moment  of  rocket 
bis  at* off  has  been  selected* 

The  necessity  for  accurately  aaiataining  the  calculated  blast-off  time  is 
determined  by  the  circumstance* that  at  ogives  flight  direction  the  plane  of  traject¬ 
ory  rotates  together  with  the  Barth  during  its  diurnal  rotation  around  the  natural 
axis*  The  blast-off  of  the  second  Soviet  cosmic  rocket  was  realised  with  extremely 
great  acouraoy  -  deviation  from  the  given  moment  of  time  constituted  about  one 
second* 

it  1300  hrs  according  to  Moscow  t/sm  on  September  12*  1959  the  rocket  was  away 
from  the  ttirth  by  a  distance  of  78*5  thousand  km  and  was  over  a  point, situated  to 
the  north  of  New  Guinea  Island*  At  about  2200  hrs  of  this  very  eame  day  the  distance 
between  rocket  and  Barth  was  152  thousand  km* 

At  21  hrs  40  ad*  according  to  Moscow  time .when  the  rocket  was  observed  in  the 
Ag  uarius  constellation,  approximately  along  the  line, connecting  the 

Alpha  star  of  the  Agulla  constellation  and  alpha  of  Piscls  Austrians  con- 

stellatioa,  the  apparatus,  installed  on  the  last  stags  formed  an  artificial  sodium 
comet*  The  artificial  comet  became  visible  at  21  hrs  48  ada.  .when  the  dimensions 
of  luminous  cloud  of  sodium  vapors  attained  considerable  magnitude*  It  was  observed 


and  photographed  within  a  period  of  5*6  minute a  by  many  observer a. 

On  September  13*  at  3  bra  20  min  acc,to  Moscow  time  the  rocket, si teutad  at  a 
distance  of  200  thousand  km  from  the  Earth,  disappeared  from  the  zone  of  observation 
of  the  metering  points  situated  on  the  territory  of  the  USSR,  At  9  hrs  of 
September  13  it  appeared  from  the  radio  horizon  from  eastern  direction  and  the 
measuring  points  again  began  receiving  scientific  information  and  continued  with 
the  radio  measurements.  At  that  tins  the  distance  between  rocket  and  Earth  rose  te 
230  thousand  km. 

At  16  hrs. 40  min, of  September  13,  the  rocket  reached  the  sphere  of  action  of  the 
Moon,  It  velocity  of  motion  was  about  2,3  kn/see.  Further  on  the  veloeity 

of  its  motion  relative  to  the  Moon  kept  on  increasing  continuously, having  reached 
at  the  moment  of  coating  in  contact  with  the  Moon  approximately  3,3  km/see. 

At  0  hrs,o2  min,  24  see  Moscow  time  on  September  14  1959* the  second  Soviet 
coaatic  rocket  reached  the  surface  of  the  Noon,  The  operation  of  the  radio  madia, 
installed  on  the  roeket,which  functioned  reliably  all  during  the  flight,was  cut 
off  at  the  ncamnt  it  made  contact  with  the  moon. 

The  processing  of  observation  data  showed  that  the  cosmic  apperatus, mounted  on 
the  second  Soviet  eosstic  rocket, descended  to  the  surface  of  the  Moon  to  the  east 
of  the  YASWOST*  (Brightness)  sea  near  the  Aristide  crater,  Archimedes  orater  and 
Avtollk  crater.  The  seleaographie  latitude  of  the  point  of  encounter  between 
apparatus  and  the  surface  of  the  Moon,  according  to  obtained  data,  equals  30*, 
and  selejfgraphlc  longitude  equals  zero.  Deviation  of  the  point  of  lunar  contact 
from  the  center  of  the  visible  lunar  disk  Is  approximately  800  km.  At  the  mosmnt 
of  encounter  the  trajectory  of  the  apparatus  was  inclined  toward  the  surface  of 
the  Moon  at  an  angle  of  60*,The  processing  of  obtained  data  shows  that  the  last 
stage  of  the  rocket  has  also  reached  the  surface  of  the  Moon, 
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Fig. 104. Route  of  the  Second  Soviet  Cosmic  Rocket  on  the  eurfnee 
of  the  Berth _ . 


Thus  was  realized  the  first  cosmic  flight  from  the  Earth  to  another  celestial 
body.  To  the  surface  of  the  Moon  were  delivered  banners  with  the  emblem  of  the  USSR. 
The  successful  flight  of  the  second  Soviet  cosmic  rocket  was  one  of  the  most  impor* 
taut  phases  on  the  way  of  investigating  the  cosmic  space  and  mastering  of  inter¬ 
planetary  flights. 

Third  Soviet  Cosmic  Rockat-iutomatic  Interplanetary  station 
On  October  4 . 1959  the  USSR  launched  the  third  cosmic  rocket.  The  purpose  of  the 
launching  was  the  solution  of  many  problems  connected  with  studying  cosmic  spues. 

The  most  important  of  these  was  the  obtainsent  of  photos  of  the  surface  on  the  reverse 
side  of  the  Noon. inaccessible  for  pound  observations. 

To  solve  these  problems  an  automatic  interplanetary  station  was  constructed, 
and  lifted  with  the  aid  of  a  mltletage  cosmic  rocket  into  orbit  rounding  the  Noon. 
Having  covered  a  distance  of  several  thousand  Imi  from  the  Noon  in  accordance  with 
calculations,  the  automatic  station  under  the  effect  of  lunar  gravitation  changed 
its  heading  (course).  Travelling  next  over  a  new  elliptical  er bit. round lag  the  Earth 
the  station  got  away  from  it  into  the  apogee  at  a  distance  of  about  480  thousand  km 
Such  an  orbit  was  extremely  convenient  for  photographing  the  side  of  the  Noon  in¬ 
visible  from  the  Earth  and  for  the  transmission  of  scientific  information  to  the 
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Sarth  aa  wall* 


Tha  last  stags  of  the  third  Soviet  cosmic  rochet  weighed  1553  kg  (without  fuel). 
The  weight  of  automatic  later planetary  station  mounted  on  it  was  exactly  278.5  kg. 

In  addition,  the  last  stage  of  the  rocket  carried  the  metering  apparatus  with  power 
sources  of  total  weight  of  156*5  kg.  In  this  way  the  total  weight  of  the  useful  load 
of  the  third  Soviet  cosmic  rocket  was  4 35  kg* 

Structural  improvement  and  high  accuracy  of  the  control  system  of  the  multi* 
stage  cosmic  roeket.used  for  launching  the  automatic  interplanetary  statioa.mnde  it 
possible  to  lift  same  into  orbit,  practically  no  different  from  the  calculated  one. 
which  guaranteed  successful  execution  of  an  entire  complex  of  scientific  investigi* 
tioas  and  obtainment  of  the  first  historical  photos  of  the  reverse  side  of  the  Moon* 
Arrangement  of  the  Automatic  Interplanetary  Station 

The  automatic  interplanetary  station  •  a  cosmic  apparatus. equipped  with  a 
complex  arrangement  of  different  devices. 

The  basic  systems. installed  on  beard  the  Interplanetary  station,  wares 
radio-technical  syate^mrranting  the  measurement  of  station  orbit  parameters, 
transmission  to  larth  of  IT  and  telemetering  lnformation.es  well  as  transmission 
from  Burth  of  commands  for  controlling  the  operation  of  the  equipment  carried  on 
board  the  stations 


photo- TV*syst«m  intended  for  photographing  the  Noon  with  subsequent  automatic 
processing  the  film  on  bosrd  the  Interplanetary  station  and  transmission  of  obtained 
iaage  over  the  TT  channel  to  Barth* 

The  complex  of  scientific  devices  for  further  investigation  of  cosmic  spas#  . 
initiated  on  the  first  Soviet  cosmic  rockets} 

special  orientation  system, providing  orientation  of  the  interplanetary  station 
relative  to  the  Sun  and  Noon. necessary  for  photographing  the  invisible  side  of  the 
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power  supply  system  for  the  equipment  carried  on  board  the  interplanetary 
station  i 

temperature  control  ays ten* 

Operation  of  station  installations  was  controlled  fron  ground  points  over 
a  radio  line  and  by  autononeus  programing  devices  carried  on  board  the  station. 

Such  a  combined  control  system  is  most  convenient  for  carrying  out  scientific 
experimentations  and  allows  to  obtain  inf  or  mat  .on  from  any  points  of  the  orbit 

situated  within  limits  of  radio  visibility  from  ground  metering  points* 

The  autcamtlc  interplanetary  station  had  the  shape  of  a  cylinder  with  spherical 
bottom  (fig.  105) .Maximum  lateral  dimension  of  station  -  1200  m* length- 1300  mm 
(antennas  not  considered). 

The  thin-walled  airtight  shell  of  the  station  was  made  of  light  alley.  In  it 
were  situated  the  entire  aerial  equipment  of  the  station  and  the  chemical  power 

sources.  On  the  outside  was  mounted  a  part  of  the  scientific  Instruments .antennas 
and  sections  of  the  solar  batteries* 

In  the  upper  bilge  (bottom)  was  an  illuminator  with  lid*opening  automatically 
before  the  beginning  of  photographing.  Under  the  illuminator  are  situated  the  lenses 
of  the  photo  cameras  and  lunar  orientation  transmitters.  On  the  upper  and  lower 
bottom  were  also  placed  small  illuminators  for  solar  feelers  of  the  orientation 
By st emu  On  the  lower  bottom  are  mounted  power  plants  controlling  this  system  (fig.106). 

The  radio  system  of  the  Interplanetary  station*  as  mentioned  above*  secured 
the  combining  of  various  functions  into  a  single  radio  coamnication  line*  With  the 
aid  of  the  radio  system  were  meesured  the  movement  per  meters  of  the  interplanetary 
station-  distance*  radial  velocity  end  angular  coordinates*  In  addition  the  radio 
system  transmitted  telemetering  inform t ion* coming  from  scientific  and  control 
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dsviess,  transmission  of  TV  signals  and  rseeption  from  the  Barth  of  radio-c  amends 
according  to  whieh  the  eonneetion  and  disconnection  of  various  instruaents  on  board 
the  station  vas  executed* 

▲11  these  functions  in  line  of  radio  coonunieation  with  the  station  were  carried 
out  under  continuous  emission  of  radio  waves  (  in  contrast  to  the  wide  picked  up 
pulsed  emission).  Such  a  combination  of  functions  in  one  radio  line.working  under 
continuous  emission.was  realized  for  the  first  time  and  it  gave  the  possibility  of 
securing  reliable  radio  ocmounieation  all  the  way  to  Maximum  distances  at  least 
energy  losses  on  board  the  station.  The  total  volume  of  inf  or  nation  .transmitted 
over  the  radio  line ( by  much  exceeded  the  volume  of  information  which  has  been  trans¬ 
mitted  from  the  first  and  second  Soviet  cosmic  rockets. 


See  page  8? a  for  Figure  105 


rig.l05.Automatic  Interplanetary  Station  (  on  assembly  trolley) 

The  radio  apparatus  of  the  interplanetary  station  included  radio  transmitters, 
operating  on  frequencies  of  183.6  and  39*986  me.  The  first  of  these  served  for 
controlling  the  orbital  elements  of  the  station, tranemicelon  of  TV  images  and 
transmission  of  basic  scientific  information  as  well.  ▲  part  of  ths  scientific 
information  was  trsnamittsd  with  ths  aid  of  the  saeoad  transmit ter. Its  signals 


Fig.  105.  Automatic  Interplanetary  Station 
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case  l&  for*  of  pulses  (bssps)  of  variable  duration  fro*  0.2  to  0.8  seo.  .repeating 
itsslf  with  a  frequency  of  1  ±  0.15  0. 

The  apparatus  of  the  radio  line  was  duplicated  to  increase  reliability  of 
comnuni  cation.  In  ease  of  failure  of  any  one  of  the  radioteehnical  devices  on  board 
the  station  it  could  be  replaced  by  a  duplicating  device. switched  on  by  transmission 
of  a  proper  eannand  fro*  the  control  point  on  the  ground. 

Special  attention  was  paid  to  maxima  weight  and  dimension  reduction  of  the 
instruments  carried  on  board  the  station.  In  the  radio  installations  were  widely 
used  semiconductors,  ferrites  and  other  modern  radio  elements.  To  economize  on  power 
the  power  emitted  by  radio  transmitters  on  beard  the  station  was  fixed  at  several 
watts. 

The  ground  radio  installations, situated  at  metering  points,  had  powerful 
radio  transmitters,  sensitive  receivers.conamnd  and  recording  devices  as  well  as 
antenna  systems  of  greater  effective  area. 

Soma  ideas  about  ths  difficulties  connected  with  the  task  of  providing 
reliable  radio  comrninication  with  interplanetary  station,  can  be  gained .when  we 
take  into  consideration  that  the  power  received  by  the  ground  antenna  st  maximum 
distance  between  Barth  and  station,  is  approximately  100  million  times  smaller  than 
the  average  power  picked  up  h*  an  ordinary  TV  receiver.  The  reception  of  such  weak 
signals  against  the  background  of  noise  of  cosmic  radio  radiation  appears  to  bs  am 
extremely  difficult  problem  and  oalls  for  the  use  of  highly  sensitive  receiving 
devices.with  low  level  of  natural  (ligen)  noise  and  known  reduction  in  the  rate 
of  inf or net ion  transmission  as  well.  In  the  radio  line  of  the  interplanetary  station 
were  used  such  methods  of  processing  and  transmission  of  signals  on  board  the  station 
and  at  ground  metering  points.at  which  the  noise  level  was  reduced  to  a  maximum  with 


retention  of  the  pernlasible  rate  of  tranamlssion* 


See  page  89a  for  Figure  106 


Fix, 106* General  view  of  Automatic  Interplanetary  station  (Drawing) 
1-illuminator  for  pheto  cameras)  2-  power  plant  of  orientation  qrstaai  3-sol a* 
feeler  1  4-solar  battery  seetioni  5-louvers  of  thermocomtrol  system)  6-theraal 
shields 1  7-  antennas)  8-  instruments  for  scientific  investigations* 

For  photographing  the  Moon  moat  appropriate  was  the  system  at  which  the  pheto 
cameras  were  aimed  by  rotating  the  entire  automatic  interplanetary  station*  The 
rotation  and  Maintaining  the  interplanetary  station  on  the  given  course  was  realized 
by  an  orientation  system*  The  basic  elements  of  this  system  veresoptical  feelers 

a 

(solar  and  lunar)*  gyroscopic  feelers*  logical  electronic  units  and  control  motors. 

The  orientation  system  wqs  cut-in  after  the  capsule  drew  closer  to  the  Moon* 
et  the  moment  when  the  station  wau  on  an  approximately  straight  line  (Connecting 
the  Sun  with  the  Moon*  The  Sarth  at  that  time  was  on  the  side  frcai  the  Sun-Moon 
direction*  The  distance  to  the  Moan  at  the  moswnt  of  cutting-in  the  orientation 
system  was*  according  to  calculation*  6o-70thcusand  km.  It  was  then  possible  to 
carry  out  lunar  orientation  by  illuminating  the  station  by  three  bright  eeiestial 
luminaries  •  Sun*  Moon  and  Earth* 


Fig.  106.  General  view  of  Automatic  Interplantary 
Station  (Drawing) 
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At  the  outset  of  its  operation  the  orientation  system  first  of  all  discontin- 
ued  the  voluntary  rotation  of  the  automatic  interplanetary  station  around  its  CO, 
which  originated  at  the  moment  of  breakaway  of  the  last  stage  of  the  carrier-rock¬ 
et. 

After  ceasing  the  rotations  of  the  station  with  the  aid  of  solar  feelers  was 
earrled  out  its  orientation  relative  to  the  Sun  so  that  the  lower  bottom  of  the 
station  was  facing  the  Sun*  At  such  a  position  of  the  station  the  optical  axes  of 
the  photo  cameras  pointed  toward  the  Moon* 

The  proper  optical  device* in  the  focus  of  which  neither  the  2arth  no*  the 
Sun  could  appear*  then  cut  off  the  feelers  for  orientation  on  the  Sun, aiming  the 
photo  cameras  of  the  station  precisely  toward  the  Moon.  The  signal  coming  from  the 
optical  device  and  announcing  *  presence  "  of  the  Moon  initiated  the  start  of  auto 
antic  photographing.  During  the  entire  time  of  photographing  the  orientation  system 
provided  eontinaous  vectoring  of  the  autosntic  interplanetary  station  toward  ths 
Moon*  Schematic  drawing  of  the  interplanetary  station's  orientation  prooess  is 
shown  in  fig, 107. 


See  page  90a  for  Figure  107 


fig. 107, Sc hematic  of  the  process  of  orienting  the  interplane tsry 

station  toward,  the  Moom _ 

X-YI-oubsequent  positions  of  the  station*  Position  T-eorrssponds  with  the 
photopaphlng  of  the  Moon* 
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After  exposing  all  the  frame  the  orientation  eye  ten  was  disconnected*  At  the 
moment  of  eut  off  it  iaperted  to  the  automatic  interplanetary  station  and  ordered 
rotation  with  definite  angular  velocity .selected  so  that*  on  one  hand, to  improve 
the  thernal  process,  and  on  the  other  band*  not  the  affeet  the  functioning  of  the 
scientific  equipment.  The  basic  elenents  of  the  photo- TV  system  wares  photo  camera* 
automatic  film  processing  arrangement*  TVnpparatus* 

The  photo-camera  was  provided  with  two  lenses  with  focal  lengths  of  200  and 
500  ma  and  proper  shutters  1«5#6  and  Ii9»5* 

The  lens  with  200  sat  focal  length  gave  the  inage  of  the  lunar  disk* fully  fitted 
into  the  frame*  The  lens  with  500  am  focal  length  gave  a  large  scale  image  of  a 
part  of  the  lunar  disk* 

Photographing  was  done  on  a  special  35  am  film,  enduring  high  temperature 
processing*  Fhotigraphing  was  done  with  automatic  change  in  exposure  of  various 
frames  to  obtain  negatives  with  most  favorable  densities  and  lasted  for  about 
40  minutes,  during  the  time  of  which  the  reverse  side  of  the  Noon  was  photographed 
repeatedly. 

The  entire  process  of  photographing  and  film  processing  was  executed  automat' 
ically  in  accordance  with  a  set  program* 

To  prevent  fogging  of  the  film  under  the  effect  of  cosmic  radiation  the  system 
was  provided  with  a  special  protcction.selected  on  the  basis  of  investigations* 
carried  out  with  the  aid  of  Soviet  man-made  satellites  and  cootie  rockets* 

After  the  photographing  has  been  completed  the  film  was  guided  into  a  small 
slse  automatic  processing  arrangement,  where  the  development* fixing  and  drying 
were  carried  out*  After  this  the  film  moved  to  a  special  box  and  was  being  readied 
for  image  transmission* 

Transmission  of  the  lunar  picture  was  done  by  command  from  the  Zarth. These 
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eoanands  cut-in  the  power  of  the  station* s  TV  arrangement .device  for  stretching 
tha  film  and  tba  TV  apparatus  was  connected  to  ths  station *s  transmitters* 

To  transform  tha  images  on  tha  film  negatives  into  eleetrie  signals  was  applied 
the  *translueanse  *  method*  analogous  to  the  one  used  by  TV-center  for  transmission 
of  motion  picture  films t  small  size  CRT  of  high  resolving  power  produced  a  bright 
luminous  spot*  which  with  the  aid  of  an  optical  system  was  projected  on  a  photo 
film*  The  light,  having  passed  through  the  photo  film*  fell  on  a  photoelectric 
multiplier*  which  converted  the  light  signal  into  an  electrieal* 

The  photic  spot  on  the  screen  of  the  CRT  moved  in  conformity  with  the  control¬ 
ling  electrical  signal*. produced  by  a  special  scanning  arrangement*  The  image  of  the 
photic  spot  on  the  photo  simultaneously  moved  across  the  film*  from  one  of 

its  edges  to  another ,  after  which  it  rapidly  restored  itself  into  initial  position 
to  continue  again  its  uniform  movement  across  the  film*  This  secured  "line*  scanning 
of  the  image.  The  photo-film  in  itself  movnd  slowly  past  the  CRT*  which  provided 
"frame*  scanning. 

The  intensity  of  the  light  which  passed  from  the  CRT  through  the  film  to  the 
photoelectric  multiplier*  is  determined  by  the  density  of  the  negative  at  this  point 
at  which  the  photic  spot  is  situated*  When  the  spot  travels  over  the  nejptlve  the 
amperage  in  the  photolectrle  multiplier  changed  in  conformity  with  ths  law  govern 
lag  the  change  in  image  density  along  the  line  i  in  this  way  at  the  output  of  the 
photoelectric  multiplier  was  created  an  electric  "image  signal*  repeating  the  law 
of  negative  danslty  change  along  the  line  of  resolution* 

imglifleatloa  and  formation  of  image  signals  were  realised  with  a  specially 
developed  narrow  hand  stabilised  amplifier* 

Since  the  average  density  of  the  negative  and  image  contrast  have  not  been 
exactly  known  before,  the  amplifier  was  providsd  with  an  automatic  control  device 


providing  compensate  on  for  th«  effect  of  change  in  •▼•rag*  density  of  the  negative 
on  the  output  aifpal*  Provided  was  aieo  automatic  brigtnaaa  control  of  the  trass* 
lucent  tube, compensating  for  contrast  changes • 

On  the  film  were  praaxposad  teat  Biggs,  parts  of  which  were  developed  on  the 
Kartb*  and  the  raaaining  parts  developed  on  board  the  station  in  the  proceaa  of 
developing  ezpoaed  fraaea  with  iaage  of  the  revarae  aide  of  tha  Moon.  These  sifts 
were  transmitted  to  Barth  thus  offering  the  possibility  of  cheeking  the  process  of 
photographing,  processing  and  transmission  of  image* 

The  process  of  iaage  transmission  was  carried  out  in  two  ways  ouch  slower 
transmission  at  greater  distances  and  such  factor  one  at  shorter  diatancca*whaa 
drawing  closer  to  the  Barth* 

The  nuaber  of  lines  into  which  the  iaage  was  broken  down  could  vary  depending 
upon  the  selected  way  of  transmitting*  The  aaxlanm  nuaber  of  lines  reached  up  to 
1000  per  one  fraae* 

To  synchronise  the  transmitting  and  receiving  scanning  devices  was 

employed  a  method  •■•curing  high  interference  resistance  and  operational  reliability 
of  the  apparatus* 

Gkouad  reception  of  Noon  iaage  signals  was  realised  on  special  devices  record* 
lag  TT  images  in  taps*  on  magnetic  recording  devices  with  great  stability  of  the 
rate  of  notion  of  the  magnetic  tape*  on  akiatrona  (CRT  with  long  lasting  preserv¬ 
ation  of  image  on  the  screen)  and  on  open  recorders  with  image  regidtratlon  on 
eleetro-ehemloal  paper*  Date  obtained  from  all  forma  of  roglatartioa*wero  used  in 
studying  the  invisible  part  of  the  Noon* 

With  the  aid  of  a  radio- TV  apparatus, carried  on  board  the  automatic  inter* 
planetary  station*  transmission  of  images  was  realised  at  various  distances  all 
tha  way  to  a  distance  of  470  thousand  km*  This  gave  experimental  confirmation  of 
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the  possibility  of  transmitting  in  cosmic  space  over  ultra-remote  distances  semitone 
images  of  high  definition  without  substantial  specific  distortions  in  the  process 
of  radio  ware  propagation. 

Power  supply  for  the  equipment  on  board  the  interplanetary  atatirn  was  furs 
oished  from  autonomous  units  of  chemical  current  sources  and  from  a  central  power 
system.  In  this  system  was  included  a  solar  battery*  individual  sections  of  which 
were  situated  on  the  outer  surface  of  the  interplanetary  station*  and  a  chemical 
buffer  battery*  The  power  output  of  the  buffer  battery  during  operation  of  board 
equipment  was  compensated  by  the  energy  coming  from  the  solar  battery*  Powento 
board  equipment  was  delivered  through  transformers  and  stabilisers* 

The  automatic  temperature  control  aystem  maintained  stable  temperature  in  the 
interplanetary  station,  securing  hast  transfer*  of  heat  emitted  by  instruments* 
through  a  special  radiation  surface  into  the  surrounding  cosmic  space  .To  control 
heat  transfer  on  the  outside  of  the  station  body  were  installed  louvers*  opening 
the  radiation  surface  upon  a  temperature  rise  in  the  station  to  above  ♦  25°C* 

Plight  of  Automatic  Interplanetary  Station 

The  operational  characteristics  of  the  orientation  system  and  the  conditions 
of  radio  communication  with  the  automatic  interplanetary  station  required  the 
selection  of  a  proper  flight  trajectory*  satisfying  a  series  of  specific  requirements* 
For  normal  operation  of  the  orientation  system  *  as  already  mentioned*  it  was 
necessary*  that  at  the  moment  it  began  functioning  the  Noon*statlon  and  Sun  were 
situated  appromimatcly  on  one  straight  lias,  with  the  station  at  that  time  at  a 
definite  distance  from  the  Moon, 

In  connection  with  the  larger  volume  of  information* transmitted  from  beard  the 
interplanetary  station  to  the  Xarth*  the  flight  trajectory  had  to  make  it  possible 
for  ground  receiving  points,  r ituated  on  the  territory  of  the  US£R,to  obtain  a 


maximua  amount  of  inf  or  nation  already  during  the  first  turn  and*  particularly,  at 
short  dlstanoes  fro*  the  surface  of  the  Earth* 

It  vas  also  highly  desirable  for  seientlfie  investigation  purposes  to  obtain 
a  trajeotory  securing  the  movement  of  the  interplanetary  station  in  cosmos  for  quite 
a  longer  period  ef  tins* 

As  shorn  by  investigations,  the  requirements  can  be  best  net  when  the  gravite- 
tional  effect  of  the  Moot  is  used  for  the  formation  of  an  orbit*  A  considerable 
effect  of  the  Moon  on  the  movement  of  the  interplanetary  station  ean  be  attained 
only  m  the  ease  when  the  attraetlon  of  the  Moon  is  sufficiently  high,  i*e,  when 
the  station  cooes  quite  close  to  the  Moon.  To  attain  a  given  change  in  orbital 
characteristics  the  station  oust  approach  from  a  definite  side  of  the  Moon* 

To  fly  around  the  Moon  and  return  to  Earth  the  veloeity  at  the  end  of  separation 
section  should  be  somewhat  lover  than  local  parabolieal  velocity.  In  this  ease  the 
flight  around  the  Moon  ean  be  carried  out  at  various  trajectories* 

If  the  flight  trajectory  posses  at  distances  of  several  tens  of  thousands  of 
kilometers  from  the  Moon  then  the  effect  of  the  Moon  le  relatively  lew  and  the 
movement  of  the  station  relative  to  the  Earth  will  follow  a  trajectory  olose  te  an 
ellipse  with  foous  in  the  oenter  of  the  Barth,  But  such  trajectories  for  dlstawt 
flight  around  the  Moon  have  a  number  ef  serious  shortecaiings*  First  of  all(wham 
flying  at  greater  distances  from  the  Moon  it  becomes  impossible  to  directly  laves* 
tigate  cosmic  space  in  surroundings  near  it*  On  the  other  hand,  when  launching  a 
rocket  from  the  northern  hemisphere  of  the  larth,  the  return  to  Earth  is  from  the 
side  of  the  southern  hemisphere, which  hampers  the  observations  and  reception  of 
scientific  information  by  stations  situated  in  the  northern  hemisphere*  Movement 
near  the  Barth  during  return  is  outside  of  the  visibility  ranges  of  the  northern 
hemisphere,  and  that  is  why  radio  commuii  oatloa  with  station  travelling  near  the 
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Barth  cannot  be  brought  into  realization.  And  finally,  thirdly,  When  coning  beck 
to  Berth  orer  auch  a  trajectory  the  rocket  entera  the  denae  layers  of  the  at¬ 
mosphere  and  burna  up.  It  flight  ia  thus  terminated  after  the  firat  turn. 

Using, for  the  formation  of  an  interplanetary  station  orbit,  the  directed  effect 
of  luWar  gravitation,  when  the  station  passes  close  to  the  Moon, will  allow  to 
attain  an  or bit, void  of  shortcomings  inherent  of  trajectories  for  distant  flights, 
The  flight  trajectory  of  the  automatic  interplanetary  station  passed  at  a 
distance  of  7900  km  from  the  center  of  the  Moon  and  was  selected  with  such  consid¬ 
eration  that  at  the  moamnt  of  maxima  nearness  (approach)  the  station  would  be 
to  the  south  of  the  Moon,  Because  of  lunar  gravitation  the  trajectory  of  the  au¬ 
tomatic  station  in  conformity  with  calculation  would  bear  northward,  This  deviation 
was  so  essential  that  the  return  to  Barth  took  place  from  the  side  of  the  northern 
hemisphere.  When  the  station  came  close  to  the  Moon  the  maxima  altitude  of  the 
station  above  the  horimon  for  observation  points, situated  in  the  northern  hemi¬ 
sphere  increased  from  day  to  day  (diurnal  period  to  diurnal  period).  There  was  also 
a  corresponding  increase  in  the  time  intervals  .during  which  it  became  possible 
to  attain  direct  communication  with  the  station.  When  approaching  the  Barth  the 
eutoomtic  station  could  be  observed  in  the  northern  hemisphere  as  a  nonsetting  star. 
During  return  to  Barth  during  first  turn  the  station  did  not  enter  the  atmosphere 
and  did  not  disintegrate,  but  travelled  at  a  distance  of  47 #5  thousand  km  from  the 
center  of  the  Barth,moving  along  an  extended  orblt,elose  in  form  to  elliptical  , 
Maximum  distance  between  station  and  Birth  was  480  thousand  km  (fig.  108). 

Blight  of  the  interplanetary  station  close  to  Barth  during  the  first 

turns  took  place  at  greater  distances  from  its  surface, where  deceleration  on  account 
of  atmospheric  resistance  was  practf^ eally  nil.  If  the  movement  would  have 
taken  place  only  under  the  effect  of  the  gravitational  force  of  the  Barth,  the 


automatic  station  would  have  become  a  satellite  of  the  Barth  with  unlimitedly  greater 
life  expectancy. 

The  fact  la  that  the  tima  of  atatlon'a  movement  la  limited  aa  reault  of  the 
diaturblng  effect  of  aolar  gravitation  which  produces  a  systematic  reduction  in  the 
altitude  of  orbital  perigee.  Consequently,  having  completed  a  certain  number  v? 
turna.  the  atation  during  alternate  return  to  Barth  will  enter  the  denae  layer a  of 
the  atmoaphere  and  cancel  ort  ita  exiateaae. 

The  magnitude  of  altitude  reduction  of  the  perigee  per  one  rotation  depend a 
firat  of  all  upon  the  altitude  of  the  apogee  and  ean  riae  eharply  during  increaae 
of  aama.  When  aclecting  the  trajectory  of  an  interplanetary  atation  it  waa  neeeaaary 
to  tend  that  the  altitude  of  the  apogee  ahould  be  poaaible  lower  and  not  by  much 
exceed  the  diatanee  from  Barth  to  the  Moon.  It  wan  alao  neeeaaary  to  aeoure  auffi- 
oiently  greater  altitude  of  the  perigee  during  the  firat  round  trip  ~f  the  atation 
around  the  ferth.  Upon  the  decree  of  fulfilling  both  theae  requirements  dependa  the 
total  number  of  turns  of  the  automatic  station  around  the  Barth  and  the  time  of  its 
existence. 

The  influence  of  the  Moon  is  not  limited  by  this  effeot.which  it  produces  in 
the  period  of  first  approach.  Disturbances  in  the  orbit  of  the  station  due  to  lunar 
attraction  are  not  of  such  regular  nature  as  are  the  disturbances  due  to  solar  attrae 
tlon.  and  depend  to  a  large  extent  upon  the  period  of  rotation  of  the  station  around 
the  ferth.  The  influence  of  the  Moon  ean  become  substantial  if  during  any  of  tbs 
following  turns  the  trajectory  of  the  automatic  station  will  a^ia  pass  quite 

close  to  the  Moon.  The  nature  of  the  station's  movement  can  change  here  considerably 
If  the  interplanetary  station  will  pass  around  the  Moon  from  southern  direction. i.e. 
the  approach  will  be  of  the  very  same  type  as  the  first  one.  then  there  will  be  a 
sharp  increase  in  tb^  number  of  turns  and  in  the  life  span  of  the  station.ty 
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parts* rviag  the  basic  property  of  Its  trajectory-  approaching  the  Karth  frcai  direction 
of  northern  hemisphere*  If  the  pass  will  be  aade  fro*  the  northern  side  then  the 
altitude  of  the  orbital  perigee  decreases*  end  in  the  ease  of  a  sufficiently  strong 
disturbance,  the  station  any  enter  the  terrestrial  ataosphsre  during  its  next 
return  to  it* 

On  these  orbital  loops,where  there  is  no  sufficiently  close  approach  to  the 
Moon*  the  Moon  nevertheless  exerts  a  certain  influence  on  the  movement  of  the  sta¬ 
tion.  In  spite  of  the  fact  that  lunar  attraction  is  very  small  in  this  case* but 
acting  against  a  considerable  number  of  trajectory  loops*  the  attraction  of  the 
Moon  exsrts  a  noticeable  influence  on  the  movement  of  the  automatic  station* causing 
a  reduction  in  the  altitude  of  the  perigee  and  cutting  the  time  of  8101100*8 
existence  in  the  orbit. 

The  chart  showing  the  movement  of  the  automatic  interplanetary  station  under 
the  influence  of  simultaneously  acting  gravitational  forces  of  the  Barth.Moon  and 
Sun  ie  a  highly  complex  one*  The  determinant  faeter  for  the  entire  movement  of  the 
interplanetary  station  is  the  nature  of  its  passing  near  the  Moon  during  first 
approach* 

Since  absolutely  no  correction  is  made  in  the  movement  of  the  interplanetary 
station  during  the  trip  and  the  entire  flight  is  determined  finally  by  the  parameters 
of  motion  at  the  end  of  the  aepartion  section*  then  the  realisation  of  the  above 
described  trajectory  of  the  station  is  possible  only  with  an  extremely  accurate 
control  system  of  the  carrier  rocket* 

It  can  be  imagined  that  through  the  center  of  the  Moon  perpendicular  with  larth- 
Moon  line  runs  e  plane*which  we  will  call  the  chart  plans.  The  features  of  trajecto¬ 
ry  passing  relative  to  the  Moon  can  be  characterised  by  the  position  of  the  point 
of  intersection  between  trajectory  and  pictorial  plane. 
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Pig.  110.  Flight  trajectory  of  AIS.  Projection  on  the 
plane  of  terrestrial  equator 

1-  Direotion  of  solar  rays  during  the  photographing;  2-  photographing 
reverse  side  of  Moon;  3-  orhit  of  Moon;  4-  position  of  AIS  and  Moon  o 
at  zero  hours  universal  time  (3  o'olock  Moscow  time)  during  eaoh  diurnal 
period  from  starting  moment  to  1 1 —1 —1 959 }  5-  direction  toward  point  of 

spring  equinox;  6-  Earth. 
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Calculations  ahov  that  during  deviation  of  tha  intersecting  point  between 
trajectory  and  pictorial  plana  from  the  nominal  (rated  )  position  by  1000  km  the 
minimum  distance  between  Karth  and  station  at  the  end  of  the  first  round  nay  change 
by  5  •  10  thousand  km,  and  the  tins  of  returning  to  Berth*  by  10*14  hours* 

Requirements  for  the  accuracy  at  terminal  point  remain  so  rigid  as  in  tha  ease 
of  striking.  This  i«  basically  connected  with  the  fact  that  errors  in  the  Telocity 
magnitude  toward  the  end  of  termination  point  in  the  case  of  an  elliptical  round 
flight  trajectory  cause  deriations  in  the  intersecting  point  between  trajectory 
and  pietcrial  plane  which  are  3*4  times  greater  than  in  the  case  of  a  hyperbolic 
trajectory .which  are  advisable  to  use  during  striking. 

The  disturbing  effect  of  the  Moon  when  passing  close  to  it  Intensifies  the 
influence  of  deriations  of  movement  parameters  at  tha  end  of  the  orbiting  section 
on  the  nature  of  station's  movement  during  its  return  trip  to  Earth  after  the  flight 
around  the  Moon.  That  is  why  even  tha  a lightest  errors  in  determining  these  parameter a 
lead  to  vary  substantial  errors  in  calculating  tha  characteristics  of  motion  of  tbs 
ilS  during  its  return  to  Earth. 

The  trajectory  of  motion  of  the  AIS  is  shown  in  fig.109-111. 

On  October  5*  1959  »t  20  bra  Moscow  tims  the  station  was  away  at  a  dietancs  of 
284  thousand  km  from  the  Earth.  At  16  hrs,l6  min  on  October  6  it  waa  at  the  shortest 
distance  from  tha  Moon( equalling  7900  km. 

Tha  AIS  coordiaatas  during  its  furthsr  movement  are  given  in  table  29* 

Data  concerning  tha  position  of  ship  (AIS)  during  photographing. established  as 
result  of  processing  trajectory  measurements .data  necessary  for  tying  down  the 
detected  objects  on  ths  invisible  aids  of  tha  Moon. to  tha  maianographis  to  tha  coordinate 
grid,  are  liat"ed  in  table  30* 


100 


V  ■ 

I 

‘'h 

:  t 


fia«lll«I»ojection  of  orbit  of  AIS  on  Earth 


Date 


frble  29»Coecdinetss  of  AIS  during  its  aggaBRt-jXttt.  MBiM  close  jgJfrtJfc flft 

I  rvi L. A *1 .  _  XL.  T  W» 1  J  Xi  f  TM  A.  -  >  .  .a>Ai 


Distance  from  Barth 


Inclination 


Street  ascent 


t/T-Wg.-Wch. 

^  **  ** 

-ir8^ - 

1^h32' 

8/X-59  s.20oh. 

448 

-  6°48' 

16h36' 

9/X-59  g.20oh. 

466 

-  2°36' 

1 oh40 ' 

10/X-59  g.20oh. 

470 

1  °23' 

1 6h44 ' 

13/X-59  S.20oh. 

430 

1 3  °54  * 

I6h55’ 

16/X-59  g.20ch 

267 

34°53' 

1 6h1 5 ' 

18/X-59  e.20ch. 

40 

liable  30, Coordinates  of  AIS  when  photographing  the  Moon 


Sate 

Moscow 

Distance  frou 

Selenosaraphic  projection 

time 

center  of  Moca 

kp  ...  . .... 

lstit 

longit 

Beginning  of  photo 
graphing 

7/X-1959 

6h30’ 

65  200 

16,9° 

117,6° 

Completed  pheto 
graphing 

7/X-195Q 

7h10' 

68  400 

17,3° 

117,1° 

Processing  of  trajectory  measurements  allowed  to  establish  that  the  AIS  caaplet 
ed  la  orbit  about  11  trips  around  the  larth. 
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termining  the  Density  of  the  Upper  Atmosphere  hr  Means  of  the  Diffusion 


of  Sodium 


A  new  original  method  for  determining  atmospherio  density  at  great 
heights  is  the  artifioial-oomet  method  developed  by  3oviet  scientists.  This 
method  utilises  the  phenomenon  of  the  artifioial  radiation  by  oertain  gases  of 
individual  speotral  lines  and  bands  (oharaoteristio  of  the  given  gas).  This 
phenomenon  is  called  resonance  f luoresoenoe.  As  oaluolations  have  shown, 
sodium  is  the  most  favorable  element  for  oreating  an  artifioial  oomet. 

A  sodium  oloud  whioh  soatters  the  sun's  rays  is  an  exceptionally  powerful 
source  of  light.  A  1  kg  mass  of  sodium  vapors  has  a  power  of  about  700  kilo¬ 
watts. 

An  invaluable  advantage  of  a  sodium  oloud  ie  that  it  soatters  light  of  a 
strictly  defined  wavelength^  •  0. 589^, (the  yellowish-orange  region  of  the 
spectrum).  This  makes  it  possible,  using  suitable  light  filters,  to  observe 
the  sodium  oloud  even  when  projected  against  a  quite  bright  sky. 

This  method  was  verified  experimentally  by  a  geophysical  rooket  sent  aloft 
at  430  km,  and  by  the  first  and  seoond  space  rockets.  Sinoe  it  is  an  absolute 
optioal  method  for  observing  the  movement  of  objeots  in  spaoe,  the  sodium  oomet 
melees  it  possible  to  determine  the  thickness  of  the  medium  in  whioh  the  arti¬ 
fioial  oomet  forms  (Figure  116).  Thus,  the  density  of  the  atmosphere  at  430  km 
was  determined  on  the  basis  of  the  diffusion  theory. 

The  average  displacement  of  a  partiole  due  to  diffusion  is  proportional 
to  the  mean  free  path  (JL)  and  the  number  of  oollisions  (n)  in  time  ti 

5  ■  j/^-7,  (4‘8) 


Mb 

Noting  that  n  •  vt (where  v  is  the  mean  partiole  velovity),  we  havei 

■  s  Y  V*’ 


(4.9) 


The  value  3  v  is  determined  direotly  from  observation  data,  and  O.85  *  1011 
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ok  /seo.  For  sodium  atoms  at  a  termperature  of  1600*  we  have 

v  -  1.5  *  10^  om/seo. 

* 

Thus  ws  get X  ■  1.7  *  106.  But,  on  ths  other  hand, 


l  = 


n,  Q, 


(4.10) 


where  n^  is  ths  oonoentration  of  atmospherio  atoms;  and  is  the  effeotive 
oross  ssotion  of  diffusion.  Taking  ^  ■  3.85  •  lO"1^  g/om-^,  with  an  aoouraoy 
to  20-30*,  -  g.t  •  (4<11) 


Figure  116.  Various  Stages  in  the  Formation  of  a  Sodium  Cloud  at  ,0 
Kilometers. 


Considering  that  the  oomposition  of  the  atmosphere  to  500  km  is  basioally  nitro¬ 
gen  and  oxygen,  we  get  for  the  density  at  430  km, 

p  4,7 -lO-14 j/c.u*.  (4.12) 

A  more  aoourate  quantitative  oaloulation,  based  on  solution  of  the  differential 

diffusion  equation,  gives  the  following  values t 

ni  --  2,5-10®  cm'*, 

P  ~  6,7  •  10-18^/b.k*.  (4.13) 

The  errors  in  these  measurements  are  no  more  than  30$. 
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Manometer  Measurements  of  Density  and  Pressure 


In  addition  to  determining  the  oharaoteristios  of  the  upper  atmosphere  hy 
study  of  the  deceleration  of  satellites,  the  diffusion  of  sodium  vapor  (artifi¬ 
cial  oomet),  and  observations  of  the  radio  signals  from  satellites,  the  third 
Soviet  artifioial  satellite  was  equipped  to  take  direot  measurements  of  pres¬ 
sure  and  density  at  various  heights  using  ionisation  and  magnetio  eleotrio- 
disoharge  manometers.  The  experimental  method  was  the  same  as  described  in 
Chapter  II.  Figures  117  and  118  show  the  apparatus  aboard  the  third  satellite 
for  measuring  pressure. 

The  magnetio  eleotrio-diaoharge  manometer  (Figure  117)  was  designed  to 
measure  pressure  in  the  range  10”^  to  10“^  mm  H g,  and  the  ionisation  manometers 
(Figure  118)  measured  pressure  from  10“?  to  10“9  mm  Hg. 


Figure  117.  Magnetic  Manometer 


Figure  118.  Ionisation  Manometers 


To  avoid  the  influenoe  of  ionoapherio  ions  and  slsotrons  on  the  measure¬ 
ment  results,  the  ionization  manometers  were  equipped  with  speoial  shields  and 
traps.  All  manometers  have  avaouated  and  sealed  flasks  whioh  are  opened  by 
speoial  meohanisms  after  the  satellite  has  been  ejeoted  into  orbit.  During  the 
entire  pressure-measurement  time  the  amplifiers  were  periodically  calibrated, 
the  emission  current  measured,  and  the  wall  temperature  of  one  of  them  was 
measured. 

A  number  of  theorstioal  and  laboratory  investigations  were  oonduoted  dur¬ 
ing  the  preparation  of  the  experiment.  Muoh  attention  was  devoted  to  determin¬ 
ing  the  gas  release  of  the  satellite)  this  was  done  by  measuring  the  duration 
of  the  degasifioation  of  the  struotural  materials,  and  also  by  developing 
methods  to  insure  maximum  hermetio  sealing  of  the  satellite. 

Because  of  the  duration  of  the  measurements  made  aboard  the  satellite,  it 
was  possible  by  means  of  the  manometer  readings  to  study  the  degasifioation  of 
the  outer  surface  of  the  satellite  and  to  fix  the  time  at  whioh  the  gas  release 
of  the  satellite  begins  to  influenoe  the  measurement  results. 

In  determining  the  pressure  from  the  readings  of  the  manometers  aboard  the 
satellite,  it  was  necessary  to  take  into  account  its  orientation  in  spaoe,  its 
velooity,  and  the  gas  composition  and  temperature. 

For  final  interpretation  of  the  manometer  readings  it  was  necessary  to 
establish  a  relationship  between  the  pressure  inside  the  manometer,  measured 
and  transmitted  to  earth,  and  the  pressure  of  the  external  medium.  Suoh  rela¬ 
tion  oan  be  obtained  theoretically  by  using  the  laws  of  moleoular  aerodynamics 
(See  Appendix  4)*  The  pressure  measured  by  the  manometer  is  associated  with 
the  partiole  concentration  N  at  a  given  point  in  the  atmosphere  by  the  ratio 


X 
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(4.14) 


where  A  is  Avogadro's  number)  R  is  the  gas  oonstant)  M  is  the  moleoular  weight) 
7  is  the  velooity  of  tie  satellite)  ®  is  the  angle  between  the  velooity  vector 
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of  the  satellite  and  the  plane  of  the  manometer  aperture;  T^  is  the  temperature 
of  the  manometer  wall. 

After  determining  N,  we  oaloulated  the  density  and  height  of  a  uniform 
atmosphere  t 


II  _  a/i 

IgyV')  • 


(4.15) 


wrhere  N"  and  N*  is  the  oonoentration  of  partioles  in  a  unit  volume  of  the  atmos¬ 
phere  at  two  points,  one  10  km  above  the  other. 

We  then  oaloulated  temperature  T» 


and  external  pressure  Pt 

P  -  kNT  (4.17) 

We  used  Formula  (15)  in  Appendix  4  to  oaloulate  the  orientation  angle  6. 

Analysis  of  the  obtained  data,  with  certain  assumptions  regarding  the  mean 
molecular  weight  U,  made  it  possible  to  construct  a  oross  seotion  of  the  atmos¬ 
phere  for  225-500  km;  the  structural  parameters  of  this  atmosphere  are  given 
in  Table  32. 

The  measurements  were  made  fe^  various  times  on  May  16,  1958  (1300-1900 
hrs  looal  time)  and  for  various  geographic  latitudes  (57°N  -  65#N). 

The  data  in  Table  32  are  in  good  agreement  with  the  density  values  ob¬ 
tained  from  the  deceleration  of  satellites,  the  diffusion  of  sodium  vapor,  and 
the  results  of  radio  observations  of  satellites. 

Figure  119  gives  the  results  of  density  measurements  using  all  the  indi¬ 
cated  methods. 

Information  on  the  density  of  the  upper  atmosphere  (^  »  3  •  lO"1^  ?,cm”^  at 
225  km),  obtained  from  the  deceleration  of  the  first  artifioial  earth  satellite 
and  from  the  diffusion  method  (^  -  6.7  •  g.onT^  at  430  km),  has  caused 

an  essential  ohange  in  our  oonoepta  as  to  the  parameters  of  the  upper  atmos¬ 
phere.  These  measurements  show  that  the  density  of  the  atmosphere  at  220  km 
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Tabl«  32 


Structural  Parana  ter  s  of  tba  Atmoaphara  at  223-5OO  tan  Altituda 


Table  32  (oont.) 
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Is  greater  during  the  day  than  at  night,  and  greater  in  the  polar  regions  than 
in  the  equatorial  regions.  Data  obtained  from  the  first  artificial  earth  sat¬ 
ellites  allow  us  to  draw  oonolusions  only  regarding  the  diurnal  regime,  as  yet. 
The  observed  great  deceleration  of  satellites  oan  be  explained  by  the  faot  that 
the  temperature  of  the  upper  atmosphere  is  higher  than  that  determined  in  older 
"rocket  models". 


Figure  119-  Results  of  Density  Determination  Using  Various  Uethodss 
l)  third  satellite  (manometers))  2)  satellite  deceleration  (Soviet 
studies);  3)  sodium  oloud  (high  altitude  rocket);  4)  first  satellite 
(radio  observations);  5)  satellite  deceleration  (American  studies). 

This  viewpoint  is  supported  by  extensive  manometer  measurements  which 
make  it  possible  to  reliably  determine  the  height  of  the  uniform  atmosphere  at 
various  levels  in  the  upper  atmosphere.  Measurements  showed  that  the  height 
of  the  uniform  atmosphere  increases  as  the  distance  from  the  earth;  this  indi¬ 
cates  a  deorease  in  molecular  weight  V  due  to  molecular  dissociation,  and  a 
gradual  inorease  in  the  temperature  of  the  atmosphere.  At  225-500  km  the  temp¬ 
erature  was  1 200-2000* K. 
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Maaa-Speotromoter  Measurements  of  the  Ion  Composition  of  the  Upper 
Atmosphere . 

To  measure  the  ion  composition  of  the  ionosphere  the  third  Soviet  satellite 
oontained  a  radio-frequenoy  mass-speotrometer,  the  prinoiple  of  whioh  has  been 
oovered  in  Chapter  II.  The  mass-speotrometer  was  designed  to  reoord  ions  with 
mass  numbers  of  6  to  30.  Figure  120  shows  suoh  an  apparatus. 


Figure  120.  Radio-Frequenoy  Mass-Speotrometer. 


In  the  period  15-25  May  1958  approximately  15,000  mass  speotra  were  ob¬ 
tained  at  heights  ranging  from  225  to  980  km.  The  measurements  were  made  in 
the  Northern  Hemisphere  in  latitudes  27-65°*  The  data  obtained  were  for  the 
daytime  hours  (0700-1100  hrs  Moscow  time).  The  mass  number  M  of  the  peak  was 
determined  from  the  formula 


l  f  v*  +  f  \ 

"F\l  —  ’ 


(4*18) 


where  7*  is  the  value  of  the  soan  voltage  at  the  moment  of  the  peak) is  the 
negative  potential  of  the  satellite;  k  is  the  instrument  constant;  mQ  is  the 
mass  of  a  hydrogen  atom;  £  is  the  ion  oharge;  and  V  is  the  satellite  velocity. 

The  main  diffioulty  in  deooding  the  data  is  in  separating  the  basio  (true) 
ion  masses  from  the  harmonio  (false)  masses.  The  data  showd  that  at  225-980  km 
the  most  intense  ion  is  the  peak  with  mass  number  16,  i.  e.,  an  ion  of  atomio 
oxygen  0+.  The  seoond  most  intense  ion  is  that  with  a  mass  number  of  14»  i*  e., 


an  ion  of  atomio  nitrogen  N*. 

In  the  region  of  the  perigee  there  is  a  group  of  peaks  with  mass  numbers 
32,  30  and  28.  Uost  of  these  are  peaks  with  mass  number  30,  i.  e.,  a  nitrio 
oxide  ion  N0+.  Peaks  with  mass  numbers  32  and  28  are  ions  of  moleoular  oxy¬ 
gen  0*  and  moleoular  nitrogen  N^,  If  we  oompare  the  intensity  of  all  mass  ions 
with  that  of  an  ion  of  atomio  oxygen,  the  pioture  is  as  follows! 

The  ratio  q +  at  230-650  km  varies  from  1.3  to  8-1095,  depending  on 
height  and  geographio  latitude  (Figures  121  and  122)}  the  ratio  of  the  inten¬ 
sities  JQ+/J0+  in  the  southern  latitudes  varies  from  2.5  to  8/5  at  250-230  km 
(to  the  perigee),  while  in  the  northern  latitudes  the  peak  of  ions  of  moleou¬ 
lar  oxygen  can  be  traoed  to  400  km}  the  ratio  at  these  heights  J  +/j  ^✓v'0. 1^5} 

2 

at  400-500  km  the  ratios  Jjjq+  and  Jj^/Jq+  are  praotioally  identical,  0.2-195. 
Above  km  no  moleoular  ions  oan  be  found,  and  the  ionosphere  becomes  purely 
atomio,  with  an  aoouraoy  to  0. 195,  an  oaqrgen-nitrogen  atmosphere. 


Figure  121.  Change  of  the  Relative 
Intensity  .of  the  Ion  Peaks  of  Atom¬ 
io  Nitxmgtm  as  a  Funotion  of  Height, 
from  the  Bata  of  Two  Orbits  on 
23  May  1958. 
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Figure  122.  Change  of  the  Relative 
Intensity  of  the  Ion  Peaks  of  Atom¬ 
io  Nitrogen  vs.  Oeographio  latitude, 
from  the  Sata  of  Two  Orbits  on 
23  May  1958. 


Up  to  250  km,  the  most  wide-spread  ions  are  NO*  ions  whioh  form,  accord¬ 
ing  to  available  information,  as  a  result  of  the  reaotion  of  oxygen  ions  with 
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neutral  molecules  of  nitrogen,  or  as  the  result  of  the  rcaotion  of  oxygen  atoms 
with  ionized  nitrogen  molecules.  Ion  oomposition  measurements  made  aboard  the 
third  satellite  showed  that  at  heights  to  500  km  there  are  moleoular  ions, 
while  above  500  km  there  are  only  atomio  ions.  This  result  is  important  from 
the  viewpoint  of  explaining  the  prooesses  of  ionization  balanoe  in  the  atmos¬ 
phere.  Another  interesting  faot  is  the  noticeable  oonoentration  of  0+  ions 
at  heights  of  the  order  of  1000  km.  Hydrogen  is  not  the  basio  (predominant) 
component  of  the  ionosphere  right  up  to  1000  km,  whioh  changes  our  previous 
oonoepts. 


INVESTIGATION  OP  THE  IONOSPHERE 

▲  study  of  the  propagation  of  radio  waves  in  the  ionosphere, 
the  extent  of  their  abosrption,  and  determination  of  ionisa¬ 
tion  of  the  upper  atmosphere. 

Extensive  materials  with  reoordings  of  radio  signals  from  artificial 
earth  satellites  have  been  aooumulated.  These  observations  were  oarried  out 
at  points  looated  at  different  geographio  latitudes  and  longitudes,  by  radio- 
direotion  stations,  by  DOSAAF  olubs,  by  a  number  of  institutions  of  higher 
learning,  and  by  thousands  of  radio  amateurs.  It  is  known  that  owing  to  the 
eleotromagnetio  properties  of  the  ionosphere,  radio  waves  are  propagated  over 
very  great  distanoes.  In  this  oonneotion'we  oan  point  out  one  interesting 
phenomenon  whioh  was  known  earlier,  but  whioh  was  especially  manifested  dear¬ 
ly  during  observation  of  the  signals  of  the  Soviet  artifioial  earth  satellites. 
This  phenomenon  is  oalled  the  antipodal  effect  and  consists  in  the  followings 
the  power  of  the  received  signal  inoreases  at  a  point  looated  at  the  antipode 
of  the  transmitting  station.  Prom  the  reoordings  of  the  results  of  the  recep¬ 
tion  of  radio  signals  of  the  first  satellite  in  the  Antarotio,  in  the  village 
of  Mirnyy,  we  see  (Figure  123)  how  the  radio  signals  of  the  satellite  were 
reoeived  on  a  frequenoy  of  20  Mo  when  it  was  in  the  region  of  Mirnyy  and  at 
the  antipode  to  it.  Suoh  oases,  when  over  a  long  period  of  time  favorable  con¬ 
ditions  are  realised  in  the  ionosphere  for  "run-off'  of  radio  waves  to  the 
diametrioally  opposite  point  on  earth,  are  of  considerable  interest. 

The  measurements  of  the  strength  of  the  field  of  radio  signals  reoeived 
from  the  satellite  are  of  very  great  signif ioanoe.  The  results  of  measuring 
the  field  strength  of  the  radio  signals  permits  us  to  estimate  the  absorption 
of  radio  waves  in  the  ionosphere,  including  those  regions  whioh  lie  above  the 
main  maximum  of  ionisation  of  the  ionosphere  of  the  F-2  layer,  and  therefore 
are  inaooessible  to  ordinary  measurements  conducted  on  the  earth's  surfaoe. 
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Those  measurements  also  permit  us  to  judge  the  possible  pathways  for  the  propa¬ 
gation  of  radio  wares  in  the  ionosphere*  The  results  of  reoeiving  the  satel¬ 
lite's  signals  and  the  measurements  of  their  levels  show  that  these  signals  on 
the  15-m  wave  were  reoeived  over  very  great  distanoes,  far  exoeeding  the  dis¬ 
tances  of  straight  visibility.  These  distanoes  reaohed  10,  12  and  15  and  some¬ 
times  more  thousands  of  kilometers. 

Of  espeoial  interest  is  that  a  satellite  oompleting  motion  about  an  ellip¬ 
tic  orbit,  oooupies  a  different  position  relative  to  the  main  F£  maximum.  When 
processing  the  material  on  radio  observations  we  must  take  into  oonsideration 
whether  the  satellite  at  a  given  instant  of  time  is  above  or  below  the  true 
height  of  the  F2  maximum  whioh  is  obtained  on  the  basis  of  the  high-frequenoy 
oharaoteristios  of  the  ionosphere  recorded  by  the  ionoapherio  stations.  If  in 
the  Southern  Hemisphere  the  satellite  moves  above  the  F?  layer,  then  in  the 
Horthern  Hemisphere  it  is  sometime  above  the  ionisation  maximum  of  this  layer 
and  at  other  times  below  it,  and  again  olose  to  this  maximum.  Suoh  conditions 
create  a  great  diversity  in  the  pathways  of  propagating  short  radio  waves  over 
considerable  distanoes. 

We  have  already  spoken  above  about  the  antipodal  effeot  in  the  propagation 
of  radio  waves.  Another  of  the  possible  ways  to  propagate  radio  waves  is  their 
refleotion  from  the  earth's  surfaoe  having  passed  through  the  entire  thiokness 
of  the  ionosphere  with  subsequent  single  refleotion  from  the  ionosphere  in 
those  regions  where  the  oritioal  frequencies  are  sufficiently  great.  In  other 
oases  the  radio  waves  striking  at  a  oertain  angle  from  above  upon  the  ionosphere 
undergo  an  appreciable  refraotion  and  thus  penetrate  the  region  lying  beyond 
the  limits  of  geometrio  straight  visibility. 

A  satellite  position  olose  to  the  region  of  maximum  atmospheric  ionisa¬ 
tion  oreates  espeoially  favorable  conditions  for  propagation  of  radio  waves  by 
ionospherio  wave  guides.  In  oertain  oases  the  radio  waves  arrived  at  the  re¬ 
oeiving  point,  not  over  extreme  distanoes,  but  by  short-cutting  the  earth  over 
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a  longer  *re  of  th«  great  oirole.  In  individual  oases  we  observed,  the  phenom¬ 
enon  of  around-the-world  eoho  of  radio  waves.  In  some  oases  the  measured 
values  of  the  field  strength  proved  to  be  larger  than  those  oaloulated  by  the 
law  of  inverse  proportionality  of  the  first  power  of  distanoe,  whioh  also  pro¬ 
claims  the  presenoe  of  ohannel  wave  guides  in  the  ionosphere. 

The  desoribed  phenomena  —  the  distortion  of  the  pathways  of  radio-wave 
propagation,  their  reflection,  partial  or  oomplete  absorption  —  are  determined 
by  the  oonditions  of  the  ionosphere  and,  in  partioular,  by  the  value  of  the  eleo- 
tron  concentration  whioh  is  one  of  the  main  parameters  of  the  ionosphere. 

Until  recently  the  eleotron  oonoentration  was  measured  mainly  within 
heights  up  to  300  km,  i.  e.,  below  the  prinoipal  maximum  of  the  Fg  layer.  The 
greatest  value  of  the  eleotron  oonoentration,  detected  in  the  middle  latitudes, 
reaohed  2-3  million  electrons  per  1  om^.  In  addition,  the  eleotron  oonoentrat¬ 
ion  inoreases  with  heights  at  300  km  it  is  10-13  times  greater  than  at  a 
height  of  the  order  of  100  km. 

With  the  development  of  artificial  satellites,  new  possibilities  were 
manifested  for  an  effioient  study  of  the  ionospherio  layers  lying  above  the 
ionisation  maximum.  The  observation  method  of  "radio  rising"  and  "radio  set¬ 
ting"  of  the  satellite  was  used  to  study  the  distribution  of  the  eleotron  oon¬ 
oentration  with  height.  This  method  of  radio  observation  oonsists  of  the  fol¬ 
lowing. 

As  the  satellite  moves  around  the  orbit,  the  trajectory  of  the  signals 
being  reoeived  in  the  ionosphere  between  the  satellite  and  the  observation 
point  has  the  form  depioted  in  Figure  124  (curves  1,2,3).  We  assume  that  the 
satellite  emitting  radio  waves  of  frequenoy&J  pass  over  the  observation  point 
above  the  prinoipal  maximum  of  the  eleotron  oonoentration  of  the  ionosphere 
(By),  the  oritioal  frequency  of  whioh  f0  is  determined  from  the  relation! 


(2-/r)5 Nyf  ---  :»t!8.10»<VM. 


(4.19) 


If  C O^COc  ,  then  the  propagation  of  radio  waves  olose  to  the  optioal  and  the 
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corresponding  trajeotories  are  straight  lines  1%  2',  3'}  as  is  well  known, 
the  risible  optio  "setting**  or  "rising**  is  oharaoterised  bj  the  faot  that  a 


light  ray  ooaing  from  the  observed  body  is  straight,  tangent  to  the  observation 


point. 


1-  satellite 

2-  optioal  setting 

3-  radio  setting 

4-  max.  horizontal  range  of 
reoeiving  satellite  signals 


Figure  124.  Trajectory  of  Radio  Waves  in  the  Ionosphere  between  the 
Satellite  and  the  Observation  Point. 

If  the  value  ofC*3  is  not  very  large,  then  owing  to  the  ourve  of  the  tra- 
jeotory  of  the  wave  in  the  ionosphere,  the  radio  beam  is  not  a  straight  line 
(ourve  3).  Therefore,  the  "radio  setting"  ooours  later  than  the  optioal,  and 
the  "radio  rising",  oonversely,  is  earlier  than  the  optioal.  Knowing  now  the 
height  of  the  satellite  and  the  condition  of  the  ionosphere  up  to  its  main 
maximum  from  the  data  of  the  ground  ionosphere  stations,  we  oan  oaloulate  the 
eleotron  concentration  above  the  main  maximum  of  the  ionosphere.  The  method 
indicated  was  used  to  work  out  the  results  of  the  radio  observations  at  six 
points  during  5i  6,  7  Ootober  1957.  As  a  result  the  distribution  of  the  eleo¬ 
tron  oonoentration  up  to  a  height  of  600-650  km  was  obtained.  The  eleotron 
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oonoentration  in  the  outer  ionoephere  deoreaees  with  height  considerably  lees 
slowly  than  it  inoreases  in  its  lower  part.  Its  rate  of  ohange  is  slowed  by 
about  and  more  times.  Moreover,  the  data  obtained  permit  us  to  oaloulate 
the  value  of  the  density  of  neutral  partioles  (n).  If  we  assume  that  for 
h  t  400  km  the  life  of  a  free  eleotron  reaohes  10^  -  10^  aeo,  then  under 
quasi-stat ionary  conditions,  the  ratio  n/N  has  the  value  ^ rJ'X 6  where  *Tn  18 
the  time  between  the  individual  aots  of  ionisation.  Henoe 


Table  33 

Value  of  Eleotron  Concentration  and  Density  of  Neutral  Partioles 
Obtained  from  the  Recordings  of  Badio  Signals 

Height  Zt  Electron  Density  of  neutral 
tan  cone.  N,  oar  particles  A  4a  cm3 


200 

I0» 

:vjo 

1,8- 10" 

VK) 

1,4- 10" 

(110s 

000 

7  10' 

10’ 

II. '0 

l  1  O'* 

2-10' 

ISOO 

1  10* 

2- 10* 

::  i-'iO 

MO1 

20 

:nno 

110- 

<  1 

The  results  of  the  oalaulations  are  shown  in  Table  33  and  in  Figure  123 

(the  values  of  n  and  N  above  630  km  were  obtained  by  extrapolation). 

Ten 


?so 


height  Z,  tan 


oi  *«.■  v*  * 

Electron  concentration  N,  electron/ cm 

Figure  123*  Curve  of  the  Dependence  of  Eleotron  Concentration  of  Iono¬ 
sphere  on  Height  above  Barth's  Eurfaoe. 
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Determination  of  Concentration  of  Positive  Iona  In  Upper  Atmosphere, 
▲long  with  using  radio  methods,  an  experiment  was  set  up  on  the  third 
Soviet  artifioial  satellite  for  the  direot  measurement  of  the  oonoentration 
of  positive  ions  up  to  heights  of  900-1000  km.  For  this  purpose  a  special  de- 
vioe  was  installed  on  the  satellite  having  two  ion  traps  (Figure  126).  The 
prinoiple  of  the  operation  of  suoh  a  devioe  is  oited  in  Chapter  2.  Along  with 
the  oonoentration  of  positive  ions,  it  permitted  the  determination  of  the 
potential  of  the  satellite  relative  to  the  ambient  medium.  In  the  seotions  of 
the  orbit  illuminated  by  the  sun,  the  potential  proved  to  be  minus  1-7  v.  The 
value  of  the  negative  potential  of  the  satellite  oan  apparently  be  interpreted 
as  the  result  of  the  effeot  on  it  of  fast  electrons  whose  energy  considerably 
exoeeds  the  average  energy  of  the  atmospherio  partioles. 


Figure  126.  Devioe  for  Measuring  the  Oonoentration  of  Positive  Ions. 

As  a  result  of  treating  the  material  obtained,  graphs  were  plotted  of 
the  variations  in  oonoentrations  of  positive  ions  based  on  the  orbital  loops. 

The  over-all  view  of  the  ourves  obtained  by  different  methods  has  the 
same  oharaoter  to  heights  of  660,  760,  800  and  900  km  over  the  earth's  surfaoe. 

Of  greatest  interest  is  the  ourve  which  shows  the  variation  of  the  ion 
oonoentration  up  to  1000  km  (Figure  127). 
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height,  km 

Number  of  electrons  or  positive 
ions  per  1  om^. 

Figure  127*  Curves  of  the  Variation  of  Eleotron  Concentration 

Obtained  by  Different  Methods!  l)  first  satellite,  5-8  Oot  1957, 

7  hr  40  min  -  9  hr  40  min  (radio  signals);  2)  third  satellite, 

19  May  1958,  11  hr  00  min  (ion  trap);  3)  high  altitude  rooket, 

21  Feb  1958,  11  hr  40  min  (radio  inteferometer). 

Starting  at  850  km  and  higher  we  noted  a  considerable  slowing  down  of  the 
drop  in  the  oonoentration  of  positive  ions  with  height.  The  oonoentration  of 
positive  ions  at  980  km  is  6  *  10^  iona/om3  provided  that  the  ions  are  those  of 
atomio  oxygen.  This  assumption  is  experimentally  oonfirmed  by  measurement  of 
the  ion  composition  at  these  heights. 

Ve  oan  assert  with  oomplete  oonfidenoe  that  the  oonoentration  of  about 
3.6  •  103  ions/om3  is  the  lower  limit  of  the  oonoentration  of  positive  ions  at 
a  height  of  about  1000  km. 

Deteotion  of  Bleotrons  with  an  Energy  of  about  10  kev  in  the  Upper 
Atmosphere. 

One  of  the  faotors  of  additional  ionisation  of  the  atmosphere  are  the 
corpuscular  streams  moving  from  the  sun  —  fast  protons,  -particles,  elec¬ 
trons,  eto.  These  oorpusoular  streams  penetrate  the  earth's  atmosphere  mainly 
in  the  polar  regions  at  high  geomagnetio  latitudes,  whioh  is  explained  by  the 
effeot  of  the  earth's  magnetio  field  on  them. 
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When  the  intense  oorpusoular  streams  penetrate  the  upper  layers  of  the 
atmosphere  there  usually  take  plaoe  the  phenomena  of  polar  auroras,  the  obser¬ 
vations  of  whioh  have  served  until  reoently  as  the  main  method  of  investigating 
oorpusoular  radiation.  The  data  obtained  as  a  result  of  analyzing  the  speotra 
of  polar  auroras  permitted  us  to  make  the  assumption  that  in  the  upper  atmos¬ 
phere,  owing  to  the  variable  magnetio  fields  generated  by  the  interplanetary 
medium  and  by  the  solar  oorpusoular  streams,  there  oan  be  an  aooeleration  of 
atmospherio  eleotrons  to  an  energy  ezoeeding  the  energy  of  the  eleotrons  in  the 
solar  oorpusoular  streams.  However,  the  oonstant  presenoe  of  not  especially 
hard  oorpusoles  —  eleotrons  even  over  the  low  latitudes  was  not  assumed  and 
was  assooiated  only  with  oorpusoular  outbreaks  in  the  zone  of  polar  auroras. 

In  experiment  was  set  up  on  the  third  Soviet  satellite  for  the  direct 
detection  of  not  especially  hard  eleotrons  in  the  upper  atmosphere.  For  this 
purpose  a  device  was  used  whioh  reoorded  the  oorpusoles  by  means  of  a  fluores¬ 
cent  soreen  and  photomultiplier  (Figure  128).  The  operating  prinoiple  of  this 
devioe  was  oited  in  Chapter  II.  The  thin  fluoresoent  screens  of  zino  sulfide 
aotivated  by  silver  containing  2  mg/om2  of  the  substanoe  made  them  insensitive 
to  x-radiation  generated  by  the  eleotrons  in  the  atmosphere  and  in  the  body  of 
the  satellite.  To  suppress  protons  with  energies  of  several  tens  of  kev,  alum¬ 
inum  foil  sheets,  oontaining  0.4  and  0.8  mg  of  the  substanoe  per  1  om?,  were 
plaoed  in  front  of  the  soreen. 

By  means  of  this  devioe,  not  especially  hard  eleotrons  with  an  energy  of 
about  10  kev  were  deteoted  diraotly  for  the  first  time.  They  were  reoorded  at 
heights  from  470  to  1880  km  over  sea  level.  Their  intensity  during  the  daytime 
was  greater  than  during  the  night.  In  addition,  the  intensity  continuously 
changes,  considerably  inoreased  with  height  and  over  high  geomagnetio  latitudes. 
The  least  intensity  was  reoorded  over  the  geomagnetio  equator.  The  eleotrons 
deteoted,  as  a  rule,  were  moving  olose  to  direotions  perpendicular  to  the  mag- 
netio  lines  of  force.  The  ourrent  densities  developed  by  the  eleotron  streams 
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in  directions  perpendioular  to  the  magnet io  lines  of  foroe  were  in  most  oases 
an  order  greater  than  in  a  direotion  along  and  opposite  to  the  magnetio  lines 
of  foroe.  The  ourrent  density  towards  the  earth  is  apparently  somewhat  greater 
than  in  the  opposite  direotion  (Figures  129  and  130). 

The  energy  flux  of  not  espeoially  hard  eleotrons  at  the  threshold  of  the 
devioe 's  sensitivity  was  about  one-millionth  of  the  flux  of  solar  energy  im¬ 
pinging  per  unit  area  of  the  earth's  surfaoe.  When  it  exoeeds  the  soale  of  the 
devioe  it  is  equal  to  approximately  one-thousandth  of  the  energy  flux  of  solar 
radiation. 


Figure  128.  Devioe  for  Investigating  Corpuscular  Radiation. 

The  eleotronS|  thus  recorded,  oould  not  be  directly  by  solar  corpuscles 
sinoe  their  velooity  greatly  exoeeds  the  velooity  of  the  motion  of  solar  oor- 
pusoles  determined  from  the  observations  of  polar  auroras.  They  most  probably 
oan  be  relegated  to  atmospherio  eleotrons  aooelerated  in  the  outer  atmosphere 
due  to  the  variable  geomagnetio  fields. 

The  new  phenomenon  deteoted  is  of  great  interest  from  the  point  of  view 
of  the  physios  of  the  upper  atmosphere.  It  oan  explain  a  number  of  anomalies 
in  the  ionosphere  and  be  an  additional  souroe  of  heating  of  the  upper  atmosphere 
over  the  polar  regions. 
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Figure  129*  Diagram  of  the  position  of  the  instrument  in  ap&oe  with  an 
indication  of  the  orientation  of  the  sensors  relative  to  the  magnetio 
lines  of  force.  The  intensity  of  the  reoorder's  irradiation  hy  part- 
ioles  is  shown  in  Figure  130  in  polar  ooordin&tes  related  with  the 
instrument.  The  polar  angle  characterises  the  axial  direotion  of  the 
sensor  with  the  magnetio  lines  of  force. 
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Figure  130.  Irradiation  intensity  of  the  reoorder  with  foil  0.8  mg/om2 
by  partioles  relative  to  the  orientation  of  the  sensor  with  respeot  to 
the  magnetio  lines  of  foroe  (the  intensity  in  conventional  units  is 
laid  out  along  the  radius). 

a)  sensor  reoording  the  oorpusoular  stream  ooming  along  the  lines  of 
foroe  toward  the  earth;  b)  sensor  reoording  the  oorpusoular  stream 
coming  along  the  lines  of  foroe  from  the .earth. 
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A  Study  of  Radiation  Near  the  Sarth  and  in  Oosmio  Spaoe. 

The  eeoond  and  third  Soviet  artifioial  earth  satellites,  the  oosmio  ship- 
satellites,  and  oosmio  rooketa  were  equipped  with  apparatus  for  studying  the 
radiation  near  the  earth  and  in  oosmio  spaoe  (Figures  131-133)*  The  prinoiples 
of  oonstruotion  of  this  apparatus  are  given  in  Chapter  II. 

The  measurements  on  the  seoond  sputnik  were  made  with  the  aid  of  oharged- 
partiole  oounters. 

The  quantity  of  matter  surrounding  the  oounters  amounted,  on  the  average, 
to  10  g/ern2. 

During  the  flight  of  the  sputnik  over  the  territory  of  the  Soviet  Union 
the  measurements  were  made  on  direot  and  inverse  windings.  The  flying  altitude 
of  the  sputnik  on  direot  windings  was  225-240  km,  while  on  inverse  windings  it 
inoreased  from  350  to  700  km,  as  the  latitude  deoreased  from  65 *  to  40°  North 
Latitude.  The  measurements  of  these  altitudes  made  it  possible  to  ascertain 
the  dependence  of  the  intensity  of  the  primary  oosmio  radiation  on  the  altitude 
and  on  the  geographic  latitude  and  longitude. 

Figure  134  shows  the  dependenoe  of  altitude  of  the  ratio  between  the  cos- 
mio-ray  intensity  on  inverse  windings  and  the  intensity  on  direot  windings  in 
one  and  the  same  geographio  points.  From  the  diagram  it  is  clear  that  at  medi¬ 
um  latitudes,  as  the  altitude  ohanges  from  225  to  700  km,  the  cosmic-radiation 
intensity  inoreases  approximately  40^.  This  situation  oan  be  interpreted  in 
various  ways.  It  may  be  that  the  inorease  in  intensity  is  due  to  a  decrease 
in  the  shielding  aotion  of  the  earth  and  the  effeot  of  its  magnetio  field,  which 
prevents  oosmio  radiation  from  penetrating  to  the  earth.  Nor  is  it  impossible 
that  the  inorease  in  the  oosmio-radiatlon  inteneity  is  related  to  the  beginning 
of  penetration  into  the  radiation  sone. 

Measurements  of  oosmio-ray  intensity  with  respeot  to  latitudes  are  of 
great  intereet  in  view  of  the  faot  that  they  enable  us  to  obtain  new  data 
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Figure  132.  Cosmio-Bay  Counter  Installed  on  the  Third  Sputnik 
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Figure  134*  The  Dependence  on  Altitude  of  the  Ratio  Between 
the  Cosmio-Ray  Intensities .on  Direct  and  Inverse  Windings, 
a)  the  ratio  between  the  intensity  at  altitude  H  and  the 
intensity  at  the 'altitude  225  Ion* 


Figure  135*  Reoording  of  High  Intensity  at  High  Latitudes 
on  the  Seoond  Artifioial  Satellite,  November  7*  1957 
a)  oounting  rate,  pulse/seoj  b)  Hosoow  time;  o)  North 
Latitude. 
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Figure  136.  Charaoteristio  Recording  of  the  Counting  Inten¬ 
sity  and  the  Ionisation  Aooording  to  the  Data  of  a  Lumin- 
eeoenoe  Counter  19  May  1958. 

l)  ionization  aooording  to  measurements  of  dynode  current} 
ionisation  aooording  to  measurements  of  plate  current} 
oounting  intensity  . 

energy  release,  10°  ev/seo}  b)  pulse/aeo}  o)  time  (Mosoow) 
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concerning  the  earth's  magnet io  field  at  great  distances  from  the  surfaoe  of 
the  earth. 

The  lines  of  oonstant  oosmio-radiation  intensity  (isooosms)  plotted  from 
the  measurements  on  the  seoond  sputnik  failed  to  ooinoide  with  the  geomagnetic 
parallels.  This  attests  to  the  faot  that  the  oharaoteristios  of  the  magnetio 
field  at  high  altitudes  differ  from  those  obtained  on  the  basis  of  magnetio 
measurements  on  the  surfaoe  of  the  earth. 

The  measurements  on  the  seoond  sputnik  reoorded  short-period  variations 
(fluctuations)  in  oosmio-radiation  intensity  apparently  related  to  the  state 
of  the  Interplanetary  medium  near  the  earth.  In  one  oase  a  sharp  inoreaae 
(50$)  in  the  number  of  oosmio-radiation  partioles  was  noted  (Figure  135)»  at 
the  same  time  that  stations  on  the  earth  detected  no  notioeable  ohanges  in 
radiation  intensity.  It  may  be  that  this  inorease  mas  oauaed  by  an  intrusion 
of  the  sputnik  into  high-energy  eleotron  fluxes  (related  to  oorpusoular  solar 
radiation)  or  by  the  generation  on  the  sun  of  low-energy  oosmio  rays,  which 
are  strongly  absorbed  by  the  earth's  atmosphere. 

The  third  Soviet  artifioial  earth  satellite  was  equipped  with  a  consider¬ 
ably  more  sensitive  apparatus,  a  luminescence  counter  (see  Figure  133). 

The  oounter  consists  of  a  oylindrioal  orystal  of  sodium  iodide  and  a 
photomultiplier  with  a  photooathode.  This  devioe  was  used  to  measures 

the  event-oounting  rate,  when  the  pulse  corresponded  to  an  energy  release 
in  theetyatal  of  more  than  35  kev) 

the  plate  ourrent  of  the  photomultiplier} 
the  current  of  the  intermediate  dynode. 

The  last  two  parameters  oharaoterise  the  total  energy  release  in  the  orys¬ 
tal  per  unit  time,  whioh  makes  it  possible  to  determine  the  total  ionisation 
in  the  orystal.  The  operation  of  this  oounter  and  its  oirouitry  acre  described 
in  Chapter  II. 
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The  measurement  data  from  the  luminesoenoe  oounter  were  transmitted  to 
earth  by  means  of  a  '  Hay  ale H  radio  transmitter  on  a  frequency  of  20  Moj  this 
transmitter  operated  uninterruptedly  during  the  flying  time  of  the  sputnik. 

The  "MayakN  transmitter  transmitted  information  by  ohanging  the  length  of  the 
telegraph  pulses,  the  configuration  of  whioh  is  shown  in  Figure  83. 

From  the  readings  of  the  oounter  it  was  established  that  in  all  oases  with¬ 
out  ezoeption,  when  the  sputnik  entered  the  field  of  geomagnetio  latitudes 
55-65*,  either  in  the  Northern  or  the  Southern  Hemisphere,  a  sharp  inoreaee 
was  noted  in  the  intensity  of  the  X-ray  radiation,  whioh  is  oreated  by  elec¬ 
trons  bombarding  the  housing  of  the  sputnik.  The  energy  of  these  electrons 
is  about  100  kev,  or  less,  while  their  flux  has  a  value  of  10^-10^  partioles/ 
om  *  seo  •  star. 

Figure  136  shows  a  oharaoteristio  recording  of  the  oounting  intensity  and 
the  ionisation.  The  lower  represents  the  oounting  rate,  while  the  upper  curves 
represent  the  ionisation  aoeording  to  measurements  of  the  dynode  and  plate  cur¬ 
rents.  The  results  of  the  measurements  indioate  that  the  reoorded  ionisation 
value  is  several  times  greater  than  the  ionisation  oaused  by  oosmio  rays.  This 
is  also  borne  out  by  the  readings  of  the  dynode  and  plate  currents,  the  differ¬ 
ence  in  the  measurements  of  whioh  is  not  great. 

Figure  137  shows  a  geographical  map,  on  whioh  the  plaoes  where  the  sputnik 
enters  the  sone  of  high  intensity  are  indioated  by  dots,  while  the  plaoes 
where  the  sputnik  emerges  from  this  sons  are  indioated  by  crosses.  The  dashed 
line  indicates  the  geomagnetio  parallel.  As  oan  be  seen  from  the  diagram,  the 
sone  of  high  intensity  is  not  symmetrical  with  respeot  to  the  magnetic  pole. 

In  the  tests  we  are  desoribing  it  was  also  established  that  the  radiation 
intensity  inoreases  with  altitude.  This  faot  indloates  that  in  the  sone  of 
polar  auroras  there  ooours  an  accumulation  of  charged  partioles,  whioh  osoil- 
late  along  the  lines  of  foroe  of  the  magnetic  field. 
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Thu*  the  tests  on  the  third  artificial  earth  satellite  prove  beyond  a 
doubt  the  presenoe  of  an  intense  radiation  zone,  whioh  is  oalled  the  outer 
radiation  belt  around  the  earth.  From  this  it  follows  that  the  earth's  mag¬ 
netic  field  is  for  low-energy  oharged  particles  a  unique  trap,  in  whioh  the 
partioles  oan  move  along  praotioally  olosed  trajectories  for  a  very  lone  time. 


Figure  137*  Map  Showing  the  Places  where  the  Third  Sputnik  Entered 
(dots)  and  Emerged  from  (oroaaes)  the  Outer  Zone  on  the  Low-Latitude 
Side. 
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Figure  138.  Configuration  of  the  High-Radiation  Zones  Surrounding 
the  Earth.  Solid  Line  is  the  Trajeotory  of  Motion  of  the  Cosmio 
Rooket. 

a)  outer  zone)  b)  inner  zone 


The  oonditions  for  aooumulation  of  partioles  are  not  fulfilled  at  latitudes 
greater  than  65* ,  and  therefore  the  regions  adjacent  to  the  poles  are  free  of 
radiation. 
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Figure  139*  Characteristic!  Recording  Made  by  a  Luminescence  Counter 
in  the  Southern  Hemisphere, 
a)  ev/seo 

In  addition  to  the  outer  radiation  sone  around  the  earth,  there  exists  an 
inner  radiation  sone,  looated  in  the  region  of  the  equator  at  an  altitude  of 
✓■w 1000-2000  km  (Figure  138). 

I  Detailed  data  oonoerning  this  sone  were  obtained  with  the  aid  of  the  third 

sputnik.  In  Figure  139  we  have  reproduced  one  of  the  recordings  of  readings 
of  the  oounter)  it  was  obtained  in  the  Southern  Hemisphere  at  the  altitudes 
1600-1100  km. 

The  measurement  data  indicate  that  as  the  sputnik  more a  toward  the  equator 
the  radiation  intensity  increases  sharply,  in  spite  of  the  decrease  in  the  alti¬ 
tude  of  the  sputnik  from  1600  to  1100  km.  The  latitude  plays  a  significant 
role  in  this  prooess.  It  was  found  that  oharged  partioles  of  the  inner  sone 
fill  the  region  from  35*  south  geomagnetio  latitude  to  35*  north  geomagnetio 
latitude  at  an  altitude  of  approximately  1000  km.  The  altitude  of  the  lower 
boundary  of  the  inner  sone  was  found  to  be  different  in  the  Eastern  and  Western 
Hemispheres*  in  the  Eastern  1500  km;  in  the  Western  500  km;.  This  is  due  to 
the  shift  of  the  magnetio  dipole  relative  to  the  oenter  of  the  earth.  An  anal- 
{ '  ysis  of  the  data  showed  that  protons  with  an  energy  of  the  order  of  100  million 

er  are  most  oharaoteristio  of  the  inner  sone. 
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Further  study  of  ths  outsr  radiation  sons  took  plaoe  during  the  flights 
of  Soviet  oosmio  rookets. 

The  first  oosmic  rooket  reoorded  the  radiation  intensity  near  the  earthr 
and  the  oosmio  radiation  with  the  aid  of  two  Oeiger  counters  and  two  scintil¬ 
lation  oounters. 

The  first  device  containing  a  scintillation  oounter  was  similar  to  the 
devioe  installed  on  the  third  sputnik.  It  was  used  to  measure  the  number  of 
events  with  the  energy  threshholdsi  1-45  kev|  II  -  450  kev;  III  -  4*5  Mevj 
IV  -  total  ionization. 

Both  Oeiger  oounters  and  the  first  sointillation  oounter  were  located  in¬ 
side  an  aluminum  oasing  1  g/om2  thiok.  Approximately  20$  of  the  total  solid 
angle  was  shielded  by  material  of  the  order  of  10  g/om2.  The  seoond  sointil¬ 
lation  oounter  was  looated  outside  the  shielding  oasing.  The  scintillator, 
which  was  0.3  g/om2  thiok,  was  oovered  on  the  free-spaoe  side  with  aluminum 
foil  1.9  mg/om2.  This  devioe  reoorded  only  the  total  ionization  in  the  orystal. 
The  measurements  were  made  at  distanoes  of  8  to  130  thousand  km  from  the  oen- 
ter  of  the  earth.  As  a  result  of  the  measurements,  the  spatial  distribution 
of  the  outer  zone  was  obtained,  and  the  oomposition  of  the  radiation  in  the 
outer  zone  was  studied  in  more  detail.  It  was  found  that  the  effeotive  energy 
in  the  regions  of  the  maximum  is  approximately  23  kev,  while  on  the  boundary  of 
the  zone  it  is  approximately  30  kev. 

A  comparison  of  the  readings  of  all  the  instruments  installed  on  the  first 
oosmio  rooket  enables  us  to  establish  that  the  maximum  intensity  is  reached  at 
a  distanoe  of  26  thousand  km  from  the  oenter  of  the  earth.  At  a  distance  of 
33  thousand  km  the  radiation  intensity  is  praotioally  equal  to  zero  (in  rela¬ 
tion  to  the  background  of  oonstant  oosmio  radiation).  In  addition  to  depend¬ 
ing  on  the  distanoe,  the  radiation  intensity  is  determined  to  a  large  extent 
by  the  magnet io  line  of  foroe  on  whioh  the  measurement  is  made.  It  was  found 
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that  the  partiole  flux  Is  not  unidireotional.  The  partiolee  oscillate  along 
the  magnetio  lines  of  force  from  one  hemisphere  to  the  other,  undergoing,  total 

refleotion  upon  approaohing  the  earthy  aooording  to  the  laws 

-  const,  (4.20) 

where  0  is  the  angle  between  the  velooity  rector  of  the  partiole  and  the  mag- 

netio-field  yeotor  at  the  given  point  of  the  trajeotory. 

Thus  the  outer  zone,  aooording  to  the  data  of  the  first  oosmio  rooket, 
must  be  oonoeived  of  as  being  looated  in  the  spaoe  between  the  magnetio  lines 
of  foroe  55*  and  67*  •  The  maximum  intensity  is  observed  on  the  line  of  force 
62*  (Figure  140).  Beyond  the  limits  of  the  outer  sone  (66  to  150  thousand  km) 
the  first  oosmio  rooket  measured  the  primary  oosmio  radiation,  whioh  is  unaf- 
feoted  by  the  earth's  magnetio  field  at  suoh  distances.  This  means  that  either 
the  earth's  magnetio  field  "disappears"  at  distanoes  of  10  earth  radii,  or  that 
there  are  no  particles  in  the  cosmoo,  whioh  oould  be  defleoted  by  a  magnetio 
field  of  the  order  of  3  *  10“^  oe. 

The  flux  primary  oosmio  rays  amounts  to  2.3  *  0.1  partioles/om^  *  seo. 

The  photon  intensity  in  the  interval  45  *  450  kev  is  3.2  *  0,1  photons/om2  •  seo 
and  is  1  *  0.1  photons/cm2  •  seo  in  the  interval  450  *  4500  kev.  The  energy 
flux  of  the  photons  is  very  small  and  makes  praotioally  no  contribution  to 
ionisation  (see  Figure  140). 
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Figure  140.  Trajectory  of  motion  of  the  first  Soviet  Cosmic  Socket  in 
geomagnetic  coordinates.  The  Kosoow  flying  time  and  the  radiation 
intensity  (vertical  lines  standing  on  the  trajeotory)  at  a  given  point 
(according  to  ionisation  measurements  in  a  sodium-iodide  orystal)  are 
indicated  along  the  trajeotory.  The  magnet io  lines  of  foroe  inter¬ 
secting  the  surfaoe  of  the  earth  at  the  geomagnetic  latitudes  50,  55» 
60,  65  and  70*  are  shown.  The  outer  belt  is  denoted  by  hatohing,  the 
inner  belt  by  dots. 


< 
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Various  devioes  wars  installed  in  the  seoond  oosmio  rocket ,  their  use  made 
it  possible  to  oonduot  investigations  even  deeper  into  the  outer  sone,  and  also 
studies  in  which  radiation  bands  were  discovered  aroung  the  Hoon.  The  appara¬ 
tus  oonsisted  of  gas-disoharge  and  sointillation  oounters*  They  were  installed 
inside  as  well  as  outside  the  housing. 

Inside  the  housing  one  scintillation  oounter  was  installed  to  reoord  comp¬ 
lete  ionisation  and  the  pulse-oount  rate  (the  pulses  corresponded  to  energy 
liberation  in  a  crystals  I  ^ 60  Kev,  II  2  600  Kev,  III  2  3*3  Mev,  and  two  gas- 
disoharge  oounters  with  additional  shielding)  one  oounter  had  a  oopper  shield 

1.5  nan  thiok,  and  the  other  a  lead  and  an  aluminum  shield,  3  and  1  mm  thiok 
respectively.  All  three  instruments  were  looated  in  a  shell  with  a  thiokness 
of  1  g/om2  aluminum.  In  addition,  about  20$  of  the  total  solid  angle  was 
oovered  with  a  substance  10  g/om2  thiok. 

Two  scintillation  oounters  were  installed  outside  of  the  housing.  One 
recorded  complete  ionisation  and  was  olosed  from  the  free-spaoe  side  with  alum¬ 
inum  with  a  thiokness  of  1.2  mg/om2,  the  other  recorded  complete  ionisation 
and  the  pulse-rate  count  corresponding  to  the  energy  liberation 1  I  £  45  Kev, 

II  £  450  Kev.  The  crystal  of  this  oounter  was  shielded  with  1  g/om2  aluminum, 
and  only  about  3$  of  the  total  solid  angle  was  oovered  by  a  greater  quantity 
of  the  substanoe  (✓'»■' 10  g/om2).  Three  gas-disoharge  oounters  were  also  mounted 
outside  the  housing.  The  first  was  shielded  with  3  mm  of  lead  and  1  mm  of 
aluminum  having  a  window  with  an  area  of  2.8  om2»  the  seoond  haul  the  same  kind 
of  shield,  but  the  window  had  an  area  of  1.6  om2»  shielded  with  oopper  foil 
0.2  mm  thiok,  the  third  had  the  same  shielding  and  a  window  with  an  area  of 

1.6  om2,  shielded  with  oopper  foil  0.5  mm  thiok.  In  addition,  all  three  win¬ 
dows  were  shielded  with  aluminum  foil  0.2  mm  thiok.  The  wall  thiokness  of  all 
three  oounters  was  50  mg/om2  of  stainless  steel.  The  seoond  and  third  gas- 
disoharge  oounters,  mounted  outside  the  housing,  operated  only  in  the  high- 
intensity  sons.  After  leaving  the  high-intensity  sons,  the  telemetry  ohannels 
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transmitting  data  from  the  gas-disoharge  oountere  were  swltohed  to  the  trans- 
mieeion  or  information  from  the  eointillatlon  oountere. 

Putting  thia  apparatus  on  hoard  the  aeoond  oosmio  rooket  made  it  poaaible 
to  obtain  new  information  on  the  three-dimensional  looation  of  the  outer  radi¬ 
ation  zone. 

Figure  141  shows  the  position  of  the  maximums  of  the  high-intensity  zone 
aooording  to  data  from  the  first  and  seoond  oosmio  rookets.  As  has  already 
been  stated)  the  maximum  of  the  outer  radiation  zone  of  the  Seoond  of  January 
was  observed  at  a  distanoe  of  27 , 000  km  on  a  line  of  foroe  of  62*.  On  the 
12th  of  September  the  maximum  was  observed  at  a  distanoe  of  17,000  ku  from  the 
center  of  the  Barth  on  a  line  of  foroe  of  59*  •  The  reasons  for  this  may  be 
varied.  In  the  first  plaoe,  the  different  trajectory  positions  on  the  2nd  of 
January  and  the  12th  of  September  relative  to  the  direction  on  the  3un,  which 
oould  have  caused  a  systematic  deformation  of  the  Barth's  magnetic  field}  in 
the  seoond  plaoe,  the  deformation  of  the  belt  oould  have  been  due  to  the  vary¬ 
ing  nature  of  the  oorptisoular  currents  and  therefore,  due  to  the  varying  nature 
of  injection  of  partloles  into  the  radiation  zone.  The  differenoe  in  the  speo- 
trum  of  partioles  recorded  on  the  2nd  of  January  and  the  12th  of  September 
speaks  in  favor  of  the  latter  case. 

The  results  of  measurements  of  the  particle  ootuposition  of  the  outer  belt 
on  the  seoond  oosmio  rooket  support  the  data  from  the  first  oosmio  rooket  that 
partioles  with  a  path  of  several  g/om^  are  absent  in  the  outer  radiation  belt. 
Essentially  new  data  were  obtained  from  the  readings  of  gas-disoharge  counters, 
installed  inside  the  housing  and  shielded  with  additional  filters  of  oopper 
and  lead.  Both  oountere  recorded  photons  with  energy  greater  than  400  Kev. 

An  analysis  of  the  readings  of  the  gas-disoharge  oountere  allow  it  to  be  as¬ 
sumed  that  there  exist  two  separate  groups  of  partioles}  eleotrons  with  ener¬ 
gies  of  20  Kev  and  eleotrons  with  an  energy  of  2  Kev  (or  protons  with  an  energy 
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of  10  Mot)*  Apparently  the  formation  moohanismo  of  both  groups  are  essen¬ 
tially  different. 


figure  141*  Maximum  of  the  High-Intensity  Zone  According  to  Bata 
from  the  first  and  Seoond  Coamio  Rockets. 


figure  142.  An  Instrument  for  Measuring  the  Quantity  of  Heavy 

Nuolei’  in  Cosmio  Radiation. 

One  of  the  most  important  problems  in  launohing  the  rooket  on  the  12th  of 
September  was  the  disoorery  of  the  Moon's  radiation  belts.  The  result  is  nega¬ 
tive  »  In  approaohing  the  Moon  up  to  a  distanoe  of  1000  km  from  its  surface* 
the  inorease  in  radiation  intensity  of  10£  of  the  oosmio  background  is  not 
detested. 

Thus*  it  may  be  assumed  that  for  all  praotioal  purposes  there  are  no  Lunar 
radiation  bolts. 

Apparatus  for  measuring  heavy  nuclei  in  primary  oosmio  radiation  was 

139 


installed  on  ths  third  artificial  Earth  satellite  and  the  oosmio  rookets.  A 
Cerenkov  counter  served  as  the  sensitive  element  of  the  instrument!  it  consist¬ 
ed  of  a  plexiglass  deteotor  and  a  photomultiplier.  One  of  these  instruments 
is  shown  in  Figure  142* 

The  determination  of  the  oharge  of  a  partiole  was  made  in  the  Cerenkov 
counter  by  measuring  the  intensity  of  luminesoenoe,  whioh  is  proportional  to 
the  square  of  the  oharge,  (See  Chapter  II). 

The  instrument  installed  on  the  third  artificial  satellite  recorded  the 

O 

nuclei  with  kinetio  energy  greater  than  3*10°  ev/nuoleon.  The  instrument  was 
adjusted  to  record  two  groups  of  nuoleit  with  a  oharge  greater  than  15  to  20 
and  with  a  oharge  greater  than  30  to  40.  Prooessing  of  the  data  on  the  oper¬ 
ation  of  the  instrument  for  9  days  showed  that  1.22*0.8  partioles  with  Z7  15 
to  20  per  minute  passed  through  the  instrument  on  the  average.  Only  one  oase 
of  the  wear  of  a  channel,  tuned  to  Z  7  30  to  40,  was  noted  in  the  oourse  of 
the  9  days.  This  evaluation  showed  that  the  maximum  number  of  nuolei  with 
2  30  to  40  passing  through  the  Cerenkov  counter  did  not  exoeed  1  to  3*  Hsnoe 

it  follows  that  a  stream  of  nuolei  with  2  >  30  to  40  makes  up  not  more  than 
0.03#  of  a  stream  of  nuolei  with  Z  715  to  20.  Thus,  it  should  be  assumed  that 
the  stream  of  heavy  nuolei  is  small,  and  that  the  indioation  of  the  existence 
of  a  stream  of  nuolei  with  2  7  30,  oomparoble  with  a  stream  of  nuolei  of  the 
iron  group  in  magnitude,  is  not  supported. 

Cerenkov  oounters  for  reoordlng  aplha  partioles  and  nuolei  with  Z  7  5  and 
2  ^ 15  were  installed  on  the  seoond  oosmio  rooket.  The  counter  for  recording 
alpha  partioles  was  looated  outside  the  hermetically  sealed  housing,  the  others 
■ere  listAi  it.  The  thiokness  of  the  shell  of  the  housing  did  not  exoeed 
1  g/om2  of  aluminum.  The  oounters  reoorded  nuolei  with  a  total  energy  greater 
than  1.3*10^  ev/nuoleon.  The  ohannels  along  whioh  the  information  on  nuoleus 
reoordlng  was  transmitted  were  designed  For  determined  threshold  values  of 
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energy,  bat  count ■  of  alpha  partlolas  and  nuolei  with  Z  >  5  and  Z  >15  oan  be 
made  by  them. 

In  addition  to  the  nuoleua-oount  channels,  there  was  a  channel  for  record¬ 
ing  the  intensity  of  all  charged  part idee  in  the  radiation  belts,  the  ao-oalled 
radiation  indioator.  The  radiation  indioator,  besides  reoording  low-energy 
charged  partioles  (electrons  with  an  energy  of  15  to  20  Kev)  creating  X-ray 
radiation  in  the  shell  of  the  housing  to  whioh  the  photomultiplier  of  the  Cer¬ 
enkov  counters  were  sens it ire,  oould  also  reoord  eleotrona  passing  through  the 
shell  of  the  housing  and  hawing  a  kinetlo  energy  greater  than  2  Mew.  Protons 
and  nuclei  with  a  total  energy  greater  than  1.3*10^  ev/nuoleon  were  reoorded 
by  Cerenkov  radiation. 

Figure  143  shows  the  oourse  of  radiation  intensity  reoorded  by  the  radia¬ 
tion  indioator  as  a  funotion  of  distance.  Curve  1  was  obtained  during  the 
flight  of  the  first  oosmio  rooket  and  attests  to  the  presenoe  of  a  maximum 
radiation  intensity  at  distanoe  of  22,000  km  from  the  Barth's  surfaoe 5  curve 
2  was  obtained  during  the  flight  of  the  seoond  oosmio  rooket  and  attests  to 
the  presenoe  of  maximum  radiation  intensity  at  a  distance  of  It, 000  km  from  the 
Barth's  surfaoe.  From  these  curves,  as  well  as  from  a  comparison  of  data  from 
luminesoenoe  oounters  (see  above),  it  is  apparent  that  the  maximum  radiation 
intensity,  as  well  as  the  entire  radiation  belt  obtained  during  the  flight  of 
the  seoond  oosmio  rooket,  was  shifted  toward  the  Barth  in  oomparison  with  the 
maxinun  reoorded  during  the  flight  of  the  first  oosmio  rooket. 

Beyond  the  outer  radiation  belt  the  radiation  indioator  reoorded  only 
protons  of  primary  oosmio  rays.  The  stream  reoorded  equalled  2  to  4  psrtloles/ 

4  * 

om**seo« 

In  the  vioinity  of  the  Moon  and  during  the  approaoh  to  it,  the  indioator 
did  not  deteot  a  notioeable  increase  in  intensity.  The  information  from  the 
channels  reoording  -partioles  and  nuclei  with  Z*>  5  and  Z  > 15  indioat es 
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th*t  the  mean  values  of  — part io le— streams  and  the  aforementioned  groups  of 

nuolei  do  not  vary  with  distanoe  at  long  distances  from  the  Barth.  An  approx¬ 
imate  stream  value  of  140  t  10  to  150  i  10  partioles/m2*seo. stored  was  obtained 
for  <t -partioles}  10.0  *  0.3  partioles/m2. sec* stored  for  Z^“  5}  and  0.37  4  0.06 
partioles/m2«eeo. stored  for  Z  ^-15,  at  determined  values  of  the  geometric  fao- 
tor  of  the  Cerenkov  oounters^. 


Figure  143.  The  Course  of  the  Badiation  Intensity  Recorded  by  a 
Cerenkov  Counter  During  the  First  and  Second  Cosmio  Rooket  Flight. 

During  the  flight  of  the  seoond  oosmio  rooket  an  interesting  phenomenon 
was  disooveredi  At  1127  UT,  12  September  1959,  the  number  of  nuolei  with 
Z  £15  entering  the  oounters  increased  by  a  faotor  of  11.8  (11.8  ±  0.7)  in 
oomparison  with  average  intensity.  This  increase  lasted  about  17  minutes.  At 
the  same  time,  the  number  of  nuolei  with  Z  ^  2  and  Z  ^  5  increased  by  factors 
of  1.3  4  0.1  and  1.5  4  0.3  respectively. 

An  analysis  of  this  phenomenon  showed  that  it  was  oonneoted  with  prooes- 
sea  taking  plaoe  on  the  &mi  at  a  time  interval  olosely  ooinoiding  with 
inorease  in  intensity  of  the  nuclear  component,  two  ohromospherio  eruptions 
and  also  an  outburst  of  radio  emission  were  recorded  at  stations  on  Barth. 

- 

The  geometrio  faotor  in  this  oase  is  the  value,  having  dimension 
[om*. stored],  the  product  of  whioh  by  the  value  of  the  stream  [partioles/ 
om^.seo* stored]  equals  the  number  of  oounter  readings  per  seoond. 


A  comparison  of  these  data  leads  to  the  idea  that  on  the  Sun  prooesses 
apparently  take  plaoe  in  whioh  nuclei  are  aooelerated  to  energies  exoeeding 
1 • 5* lO^ev/nuoleon. 

Essentially  new  results  in  the  study  of  oosmio  rays  were  obtained  during 
the  flights  of  the  second  and  third  satellites. 

As  is  known,  the  orbit  of  the  satellites  was  at  an  altitude  of  200  to 
300  km.  As  a  result  of  measurements,  a  ohart  of  the  distribution  of  intensity 
over  the  entire  Earth  was  obtained.  It  follows  from  this  onart  that  near  the 
equator  the  intensity  of  radiation  is  comparatively  low.  High-energy  oosmio— 
ray  partioles  ooour  at  the  equator.  Moving  from  the  equator  to  higher  lati¬ 
tude,  radiation  increases.  This  takes  plaoe  beoause  far  off  from  the  equator, 
not  only  high-energy  partioles,  but  also  oosmlo-ray  partioles  of  low  energy 
reaoh  the  Earth  from  spaoe,  partioles  of  low  energy  than  is  neoessary  to  reaoh 
the  equator. 

At  latitudes  exoeeding  50*  an  increased  number  of  eleotrons  is  observed. 
This  is  the  beginning  of  the  outer  radiation  belt  of  the  Earth.  When  approach¬ 
ing  the  Earth’s  magnetio  pole,  the  radiation  intensity  again  drops;  partioles 
of  the  radiation  belt  do  not  penetrate  to  here,  only  oosmio  rays. 

Finally,  this  ohart  indioates  a  considerable  inorease  in  radiation  inten¬ 
sity  in  the  region  of  the  South  Atlantic.  This  phenomenon  is  apparently  con¬ 
nected  with  the  existenoe  of  anomalities  there  of  the  Earth's  field. 

Studies  of  Interplanetary  Pag  Ion  Trans. 

Experiments  were  run  on  all  three  Soviet  oosmio  rookets  to  study  ionised 
gas  in  interplanetary  spaoe  and  in  the  uppermost  layers  of  the  Barth's  atmos¬ 
phere.  Special  instruments  were  developed  for  this;  three-eleotrode  charged- 
part  io  le  traps. 

On  the  rooket  launohed  12  September  1959,  four  traps  with  various  external- 
grid  potentials  were  set  upi  +15  ▼,  -5  ▼  and  -10  v.  Positive  ourrert  oould  be 
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oaused  only  by  ions,  wherein  their  energy  oould  be  determined  by  oomparison 
of  the  readinge  of  all  traps.  If  all  traps  simultaneously  reoorded  negative 
current)  this  meant  that  it  was  oaused  by  eleotron  streams.  In  this  case  the 
energy  of  eaoh  eleotron  exoeeded  200  ev  beoause  only  those  electrons  oould 
pass  through  the  decelerating  potential  applied  to  the  internal  grid  of  the 
trap. 

As  a  result  of  the  measurements  oonduoted  on  the  three  Soviet  rockets 
using  traps,  a  great  deal  of  experimental  material  was  obtained.  Only  during 
the  flight  of  the  Soviet,  rooket  in  September)  1 959 »  there  were  about  12,000 
trap-current  measurements  transmitted  baok  to  Earth. 

Let  us  examine  the  fundamental  soientifio  results  of  the  investigations 
using  traps.  Figure  144  shows  a  graph  of  ion  oonoentration  versus  the  distanoe 
from  the  Earth's  surface  in  kilometers.  Two  fundamental  oonolusions  can  be 
made  from  this. 

1)  The  Earth  is  surrounded  by  a  very  expansive  and  highly  rarefied  atmos¬ 
phere  of  ionised  gas.  This  atmosphere  may  be  rightfully  called  the  "Earth's 
corona"  or  "geooorona".  The  ion  oonoentration  in  the  geoeorona  is  on  the  order 
of  several  hundred  positively  oharged  partioles  per  om^,  For  comparison  let 

us  say  that  the  ion  oonoentration  of  the  Earth's  atmosphere  at  an  altitude  of 
300  km  reaohes  1  to  2  million  per  om^.  And  the  oonoentration  of  moleoules  in 
the  atmosphere  at  the  Earth's  surface  is  expressed  by  a  20-digit  number. 

From  the  nature  of  the  change  in  ion  oonoentration  with  distanoe  from  the 
Earth's  surfaoe  it  may  be  oonoluded  that  the  geooorona  is  composed  of  hydrogen. 
The  geooorona  oan  be  deteoted  up  to  a  distanoe  of  22)000  km  from  the  Earth's 
surfaoe.  There  iat  however t  reason  to  assume  that  the  extent  of  the  geooorona 
varies.  It  may  be  a  function  of  several  things,  chiefly  of  solar  activity. 

2)  In  interplanetary  spaoe  at  distanoes  exceeding  22,000  km  from  the 
Earth's  surfaoe,  there  was  no  measureable  oonoentration  of  ionised  gas.  Henoe, 
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Distanoe  from  the  Earth's  surfaoe,  km  1o\ 

Figure  144*  Ion  Concentration  Versus  Distanoe. 

assuming  that  the  experiment  were  aoourate,  it  may  be  oonoluded  that  if  there 
is  ionised  gas  in  interplanetary  space,  its  concentration  is  surely  lower  than 
100  ions/om^.  According  to  existing  circumstantial  data  based  on  analysis  of 
trap  ourrents,  the  concentration  of  ionised  interplanetary  gas  must  be  even 
considerably  lower  than  this. 

3)  At  distances  from  the  Earth's  surface  from  45  to  80  thousand  km, 
streams  of  electrons  with  energies  exceeding  200  ev  and  with  current  density 
N^IO®  particles  per  om2  per  seoond  were  discovered.  These  streams  attest 
to  the  existenoe  of  an  outermost  belt  of  oharged  particles  surrounding  the 
Earth,  partioles  of  comparatively  low  energy  and  looated  beyond  the  radiation 
belts. 

Finally,  magnet io  measurements  conducted  on  American  spaoe  vehicles  indi¬ 
cated  that  in  the  region  of  spaoe  where  the  outermost  belt  is  looated,  there 
exists  a  current  which  distorts  the  Earth's  magnetic  field.  This  ourrent  is 
apparently  a  drifting  ourrent  of  electrons  in  the  outermost  belt,  oaused  by 
nonuniformity  of  the  magnet io  field. 
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llBMBBMfe  **  Meld  Wear  tea  ^  *Q« 

A  recording  anoaitir  with  magnetically  saturated  pickups  vu  Installed 
on  tho  third  Soviet  satellite  for  geonegnetlo  aeaaureaeats  In  and  out  a  id# 
lonoophara  of  tha  Barth*  Tha  opa ration  of  aueh  a  aafMtonet ar  la  daaarlbad 
In  Chapter  2. 


Tha  aagaetoneter  davalapad  for  the  third  aatellite  (Tig*  145)  lneurad 
neasureaente  of  the  earth  field  Intensity  with  a  high  aceureoy,  on  any  n 
latitude  and  with  any  orientation  of  aatellite*  and  vaa  fully  automatic. 


>tle 


Fig.  145*  Mtgnetaaeter  Installed  on  Third  Satellite. 

The  aagaetoneter  had  also  a  special  appllanee  which  nade  It  poeelble  to  obtain 
data  on  changing  epaee  orientation  of  the  aatellite  (relative  to  the  ▼  actor 
of  aagnetle  field)*  and  on  variation  la  tho  nature  of  satellite  revolution* 

The  Measuring  range  of  the  laatruneat  constituted  4&*000^.  The  perfonaaee  rate 
of  servoaystcM  was  equal  to  40  •  45°/eeci  the  aeon  angle  of  aero  point 
waa  about  2Yper  hour.  The  aero  point  of  the  aafMtoneter  was  detemlned 
by  a  Claris  on  with  proton  nagaatOMeter.  The  ubtI—  value  of  aagnetle  deviation 
aaouated  to  apprealaately  3,000 y*.  Measure aenta  wore  conducted  on  altitudes 
of  250  •  750  km*  1.  e.*  la  the  region  below  and  above  the  aaxlann  of  Ionisation 
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of  the  f2  layer.  Magnet io  error,  the  period  of  whloh  coincides  with  the  aetellite 
precos'  on  period,  wee  fixed  on  recordings.  If  the  aetellite  orientation  is  known, 
a  eajor  portion  of  this  error  ean  be  ellnl sated. 

Magnetio  lnreatlgatione  on  the  third  Soriet  satellite  furnish  a  conrinciag  proof 
for  the  preaenee  of  lonoepherio  aouroes  whieh  cause  variations  assoolated 
with  the  earth  field  dlsturbanoe.  Analysis  of  the  obtained  notarial  indicates 
the  presenee  of  short,  fast  changes  in  the  earth  field,  coinciding  in  tins 
with  the  passage  of  the  satellite  through  the  r2  l*7*r  of  ionosphere  (Tig.  146). 

At  the  sans  tine,  20  oases  of  short  (5  to  8  sec)  negative  and  positive  peaks 
of  the  earth  field  variation  were  detected.  They  ean  be  considered  due  to  space 
lnhoaogenelties  in  lonoepherio  current  systons  of  loeal  character.  Intersected 
by  the  satellite* 


Tig.  148.  Characteristic  Recording  of  Short  Barth  Field  Variation. 

Mew  data  were  obtained  during  the  exmadnatlon  of  constant  nagnetlo  earth  field, 
particularly  when  the  satellite  was  flying  above  the  Baster  Siberian  aaanaly, 
the  so-called  Asiatic  aavim  of  intensity  of  the  geoamgnetlo  field.  As  it  is 
deaonst rated  by  the  analysis  of  obtained  data,  the  Magnitude  of  this  anoaaly 
attenuates  with  the  altitudes  very  slowly. 

Basing  on  indications  of  two  potent  ions  trie  pickups,  characterising 
ipguiar  displacements  of  the  satellite  bedy,  it  is  possible  to  obtain  a  numerical 
value  of  the  relative  variation  in  the  space  position  of  the  satellite  for  any  Moment 
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of  time.  It  follows  fro*  these  data  that  tha  aatalllta  waa  performing 
a  precession  notion  witL  tha  pariod  of  T*  136  aao.  Apart  fro*  that,  tha  aatalllta 
t«a  revolving  around  ita  own  azia  at  tha  rata  of  0.35°/»ae.  Thaaa  raaulta 
ara  very  inportant  for  tha  lntarpratation  of  ladle  at  Iona  of  other  laatruaenta 
iaa tailed  on  the  aatalllta. 

On  the  first  and  second  satellites  ware  performed  aagnetio  measurements 
at  distances  of  several  terrestrial  radii,  as  wall  as  In  tha  environs  of  tha  Neon* 
These  *sasura*ents  ara  highly  Important  for  geophysical  rasaarehaa,  particularly 
for  tha  experimental  verification  of  aaclstlng  theories  of  aagaatle  atoms 
and  aurora  polar is. 

Measursnants  on  tha  first  spaoa  rocket  were  conducted  by  aeaas  of  a  three -component 
aagae tone  ter  with  nagnatlcally  saturated  plekapa  of  even  haraonlos  (refer 
to  Chapter  II),  Oeasral  view  of  such  a  plokup  la  shown  In  rig.  147,  The  asasurlag 
range  on  each  pickup  was  equal  to  ±  3000  y  •  The  aagtM toaster's  drift  fro*  aero 
Aid  not  exceed  20*^  In  24  hours  of  continuous  operation.  The  sensitivity  of  each 
channel  of  the  negnetoaeter  equalled  6<X>  v.  The  total  deviation  fro*  Magnetic 
eonponents  of  the  rocket  did  not  surpass  70\  and  was  known  for  each  pickup. 


.  .« 

Fig.  147*  Pickup  of  Negnetoaeter  Installed  on  rirtt  Space  Roeket. 

rig.  148  ehows  the  experlaental  curve  for  Intensity  of  tha  terrestrial 
nagnetlc  field  as  a  function  of  distance,  as  wall  as  the  theoretical  curve 
of  the  dipole  field, 

r 

The  ooagarlsoa  of  manured  and  calculated  field  values  shows  that  Measured  values 
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differ  substantially  fro*  oaleulatsd  ones  In  tbs  flight  pbass  at  15  to  30  thousand  k* 
fro*  tbs  aarth  center.  Ths  diaagroaasnt  batvaan  tha  trua  f laid  and  tha  dlpola  flald 
aqua  la  300  y  even  at  tha  diatanoa  of  about  14*700  ka.  Roza  la  observed  an  abrupt 
daoraasnt  in  tha  tarraatrial  asgaatle  flald  vlth  distance.  Tha  dlffaranoa  batvaan 
tha  trua  flald  and  that  ealaulatad  fro*  tha  aarth  potantial  attains  Its  —eel— 
value  at  tha  dlstane a  of  19  to  20  tha— and  h*  and  aq— la  000  y  • 


rig.  146.  variation  in  Nsg— tlo  Ssrth  flald  vlth  Altitude. 

1  •  oaleulatsd  —1— sj  2  •  —  asurad  —  1— a. 

Tha  result  obtained  has  a  great  scientific  significance.  It  penalts  to  —cart 
that  the  —  gnetle  aarth  flald  at  distances  of  3  to  4  tarraatrial  radii  la  detendaed 
not  only  by  —lues  ealaulatad  fro*  tha  an gnetle  aarth  potential,  but  dapaads  also 
on  external  sources. 


On  tha  second  space  rochet,  launched  to  the  Noon  —  12  September  1959*  vere 
installed  nose  sensitive  —pis to— tare  of  the  saae  type  as  on  tha  first  roekst. 

Tha  as—  itivlty  of  nag— to— tern  constituted  115  y/v  of  tele-trie  eye  tea. 

At  tha  ee—  tine,  tha  — scoring  range  vae  rad— ad  vhlah  caused  tha  —as ure— ate 
of  tha  terrestrial  nap— tie  field  on  the  seeoad  space  roekst  to  start  approxl— tely 
frea  tha  altitude  ef  18,000  1—  fro*  tha  aarth  center. 
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Figure  149.  Values  of  magnet io  terrestrial  magnetlo 

field  intensity  obtained  by  various  methods i 

1-  measured  values  (1st  oosndo  rooket  )  2-  measured  values 
(2nd  cosmic  rocket))  3  -  computed  values 


Magnetic  measurements  on  the  second  cosmic  rocket  were  carried  out  more  fre¬ 
quently,  than  on  the  first  one*  Reading  of  aagnetometers  vaa  done  every  3- 

6  seconds,  and  then  periodically  repeated  within  approximately  one  half  ef  a  Minute • 
On  fig.149  ere  shown  cur Tea,  obtained  on  the  firat  and  aeeond  coamic  rockets, 
la  already  pointed  out  before  ,  the  measurements  on  the  aeeond  eoeaic  rocket  revealed 
inatability  of  the  outer  part  of  the  radiation  a  one  i  during  flight  on  September  12 
1959#  ita  maximum  vaa  aituated  eloeer  to  Barth,  than  during  the  time  of  flight  on 
January  2,  1959*  Becanae  of  thia  the  reduction  in  geomagnetic  field  intensity  during 
measurmnents  on  the  second  cosmic  rocket  has  not  been  detected,  beeause  the  antic* 
ipated  magnetic  effects  were  in  the  none  of  the  field,  where  the  intensity  wains 
was  beyond  the  limits  ef  magnetometer  measurements.  At  present  time  there  ia  n 
great  discussion  going  on  between  astrophysicists  and  geophysicists  regarding  the 
nature  of  radiation  bands  and  the  causes  of  mediation  of  radiation  belts. 

The  flight  of  the  second  cosmic  rooket  to  the  Moon  and  the  magnetic  mas  aura* 
meats  in  direct  vicinity  from  the  Moon  discovered  no  noticeable  increase  in  nag* 
aetic  field  intensity ,*hgne tograns ,  obtained  from  the  near-lunar  section,  were 
subjected  to  thorough  statistical  analysis  •  This  allowed  to  make  a  conclusion!  that 
if  at  the  Moon  would  exist  a  magnetic  field  of  more  than  100  gamnas,  then  it  would 
have  been  detected.  Consequently,  it  eon  be  stated,  that  there  is  no  magnetic  field 
at  the  Moon,  which  by  ita  nagtltude  would  exceed  the  measurement  errors.  That  is 
wly  efforts  to  explain  certain  geophysical  phenomena  by  the  effect  of  the  lunar 
magnetic  field  should  now  be  considered  as  absolutely  baseless. 
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Investigation  of  Miorometeore 

To  investigate  meteorio  partiolee  on  the  third  man-made  Earth  satellite 
and  on  oosmio  rookets  was  installed  an  apparatus,  consisting  of  ballistio 
Pieso— feelers  (from  ammorous  phosphate)  and  ampl i f i e r— o on ve rt e r  (see  ohapter  1 
”2).  General  view  of  the  apparatus  is  shown  in  Pig.  1 50.  The  apparatus  1 

,  scoured  the  registration  of  the  number  of  particle  lmpaots,  and  registration 
of  their  enorgy  as  well,  energy  measured  by  the  pulse  magnitude  of  the  mat- 
■  ®rial  of  the  sensing  device,  ejeoted  during  the  explosion  of  a  meteroite 
particle  on  its  surfaoet 

J  (4.21) 

See  page  193  for  Figure  150 

fig.  150#  Apparatus  for  studying  meteor  ie  particles  »  installed  on 
_ third  satellite. _ _ _ 

where  L  •  •ejeetion  *  pulse f  I.  -  kinetic  energy  of  partielosi  A*  proportionality 

eoeffieieat. 

If  the  average  velocity  of  the  particle  is  accepted  in  this  ease  at  40 
it  is  then  poos/  hie  to  determine  the  aass  of  the  reeorded  particles* 

On  the  third  nan-nade  Earth  satellite  were  set  up  collision  feelers  with  total 
area  of  3410  cm?,  ineluding  the  body  of  the  feeler.  Distribution  of  signals  by  am* 
plitude  was  done  by  converting  the  sigttls  from  the  amplifier  part  into  a  computing 
system  of  eaeh  amplitude  range  after  a  corresponding  accumulation  of  a  number  of 
impacts. 

On  the  first  and  second  eosnie  rockets  were  mounted  feelers  with  general  area 
of  0.8  and  on  the  third  one  -  0.1 

The  apparatus  mounted  on  the  first  cosmic  rocket  was  calibrated  fer  rsgistartlom 
of  particles  with  masses  1  1  •  2.5«10**  •  1#5«10“®  gi  11*1.5 *10*®  •  2*  10*7  g| 

III  ^2.10"7  g. 

On  second  and  third  cosmic  rockets  there  was  no  ae  sum  1st  ion  of  i^aets.aad 
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Pig.  150.  Apparatus  for  studying  meteorio 
particles,  installed  on  third  satellite. 


i  To**  •»  •  -> 


each  impact  vac  recorded  separately*  The  apperatua  installed  on  the  second  cosmic 
rocket  ms  ealikrated  for  recording  pertleles  with  nesses i  I  •  2*10*9  .  6*10-9  g| 

IX  -  6*10-9  -  1.5*1®*®  g|  in  >  lJ.lO*8  |,  end  on  the  third  cosmic  rockets 
I  -  10*9  -  3*10*9  f|  xx  -  3*10-9  •  8*lo-9  g i  in  -  ^  8*10*9  g# 

The  aees’jreasat  results  fraa  Ohs  third  man-made  Berth  satellite  and  eosado  roefc* 
ets  are  listed  la  table  34* 

By  examining  the  asntloned  table  it  is  possible  to  arrive  at  certain  eonelu- 
sioasi 


1.  Density  of  asteerie  natter  in  the  periphery  of  the  Berth  is  set  constant  - 
i^shanges  in  space. 

2.  Mariana  number  of  recorded  impacts  belongs  to  particlea  with  aasaes  ranging 
froa  (  3  ♦  8)10*9  to  (2*3)10-8  g  and  saaller. 


These  results  shew  that  asteerie  and  aiereaeteorie  danger  ia  aaall. 

( 


*  TJBLB  34 

Results  of  measuring  on  the  third  man-made  satellite  and  oosmio  rockets 


Cosmic  unit 

Date 

Mass  of  particles  hal 

(rnt  r  rn  kO  ka/aee) _ ML 

ter  o|  particle  impaste 

THIRD  SATELLITE 

t 

1 5  5-50 
te-tTA-M 
IS— M/8 — SS 

4- 1 1 

5-  10** 

<10* 

Hal  Rocket 

2/1-59 

2,5IO-*-l,5lO-» 

i,»io-*--a-io-» 

>2fO-» 

<2  10  » 

<310*« 

<10** 

Second  rocket 

120-59 

a 

2io-*— sio* 

*.i©*-i,5io  • 

>  1.5IO-* 

<510-* 

<510-* 

<910** 

Third  rocket 

4/10-» 

inio-ia 

| 

ur*— 

3io-*-s.ar* 

>•  If* 

4- 1C* 

-2- IS* 

410-* 
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Biologioal  invest igat ions 

On  the  seoond  Soviet  man-made  Earth  satellite  was  oarried  out  a  medical- 
biolog  experiment  hy  studying  the  vitality  of  a  living  organism  under  condi¬ 
tions  of  oosmio  flight,  one  of  the  basio  characteristics  it  is  the  state  of 
weightlessness. 


( 

Fig,  151,  Frequency  curve  of  oardio  contractions  of 
dog  Layka  at  various  moments  of  flight , 

a-  number  of  systoles  per  minute)  b-  prior  to  blast 
off)  0-  time  satellite  gets  into  orbit)  d-  orbital 
flight . 

For  this  purpose  the  satellite  was  provided  with  an  airtight  (pressurised) 
cabin  oooupied  by  an  experimental  dog  -  Layka,  The  oabln  was  furnished  with 
devioes  to  repro&uoe  conditions  neoessary  for  normal  existence  of  an  animal 
during  lasting  flight,  as  well  as  equipment  for  reoording  its  physiologioal 
functions  (sse  Chapter  2), 

The  data  obtained  as  result  of  this  experiment  are  of  greater  soientifio 
value.  Of  great  interest  are  data  on  the  behavior  and  condition  of  the  animal 
on  the  orbiting  seotion  of  the  satellite,  the  oharaoteristio  of  whioh  is  the 
presence  of  large  overloads,  as  well  as  vibrations  and  noise  from  the  operating 

r 

*>  rooket  power  plant.  The  behavior  and  condition  of  the  animal  when  the  satellite 
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oaae  into  orbit  were  registered  quite  fully. 

On  the  basis  of  information  obtained  over  radio  telemetering  system  it 
oan  be  established,  that  up  to  a  define  overload  magnitude  the  animal  resisted 
the  inorease  in  apparent  bodily  weight  and  maintained  freedom  of  movement  of 
head  and  trunk.  Then  it  appeared  to  be  pressed  against  the  floor  of  the 
oabin  and  some  of  its  notioeable  movements  have  not  been  recorded.  The  fre¬ 
quency  of  the  systoles  immediately  after  blast-off  inoreased  in  oomparison 
with  the  initial  one  by  3  times  (fig.  ,150.  However  an  analysis  of  oardio 
bioourrents  recording  (eleotrooardiogram)  indicates  the  absenoe  of  any  ill 
effeots  (fig.  152).  There  was  a  typioal  ohart  of  more  frequent  palpitation 
of  the  heart,  a  so-oalled  sinusal  taohyoardia. 


Fig.  152.  Eleotrooardiogram  recording  of  dog  Layka  in  state 
of  weightlessness,  obtained  on  thp  neoond  satellite. 

Toward  the  end  of  the  orbiting,  in  spite  of  inorease  in  overload,  the 
frequenoy  of  oardio  palpitation  began  decreasing.  The  respiration  frequenoy 
of  the  animal  on  the  orbiting  seotion  was  3-4  times  greater  than  the  initial 
one.  As  the  apparent  weight  of  the  animal  inoreased  the  respiratory  movement 
of  the  thorax  beoame  diffioult,  as  result  of  which  its  respiration  beoame 
more  superfioial  and  frequent. 

There  are  bases  to  assume,  that  the  indioated  ohanges  in  the  state  of 
phyBiologioal  funotions  of  the  animal  are  oonneoted  with  the  sudden  aotion 
against  the  organism  of  sufficiently  strong' tut er  stimuli  -  overloads,  noises, 
vibrations.  Analysis  of  obtained  data  and  their  oomparison  with  results  of 
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preceding  laboratory  experimentations  allow  to  state  that  the  flight  along 
tho  orbiting  seotion  was  endured  by  the  animal  with  satisfaction. 

After  the  satellite  reaohed  orbit  the  state  of  weightlessness  took  plaoe. 
The  body  of  the  animal  under  tkeee  conditions  during  contraction  of  extrimity 
muscles  rolled  away  easily  from  the  flow  of  the  oabin.  Judging  by  the  avail¬ 
able  reoordings,  these  movements  were  of  short  duration  and  smooth.  The 
respiration  frequency  began  dropping.  The  cardio  systoles  subsequently  began 
decreasing,  eoming  down  to  initial  magnitude.  But  the  time,  within  the  heart 
palpitation  beoame  normalized,  was  approximately  three  times  greater,  than 
during  laboratory  experiments,  at  whioh  the  animal  was  subjeoted  to  the 
effeot  of  such  accelerations,  as  during  orbiting.  In  all  probability  this 
is  explained  by  the  influenoe  of  the  weightlessness  state,  at  whioh  sensi¬ 
tive  nermous  formations,  signalling  the  position  of  the  body  in  spaoe,  have 
not  experienced  sufficient  influenoe  of  external  stimuli,  which  in  turn  led 
to  a  ohange  in  functional  state  of  the  nervous  system  and  established  a 
certain  extension  in  the  period  of  frequency  normalization  in  heart  palpita¬ 
tion  and  respiration. 

Analysis  of  the  electrocardiogram  taken  in  state  df  weightlessness,  im¬ 
mediately  after  the  satellite  began  orbiting,  revealed  certain  ohanges  in 
the  configuration  of  its  elements  and  the  continuance  of  individual  intervals, 

i 

But  these  changes  were  of  no  pathologioal  nature  and  were  connected  with  the 
increased  functional  load  during  the  period,  preceding  the  state  of  weight¬ 
lessness.  The  picture  of  the  ECO  (eleotrooardiogram)  refleeted  timely  nervoue- 
ref lector  displacements  in  the  regulation  of  cardio  aotivity.  Next  was  ov- 
served  a  greater  approaoh  of  ECO  to  the  one,  whioh  is  characteristic  for  the 
ini+ial  state  of  the  animal.  The  raotorial  aotivity  of  the  animal,  in  spite 
of  the  unusual  state  of  weightlessness,  was  moderate. 


157 


Normalisation  of  functional  oharaot eristics  of  blood  oiroulation  and 
respiration  under  weightlessness  conditions  attests  most  obviously  that  this 
faot  in  itself  oaused  no  essential  and  permanent  changes  in  the  state  of 
physiological  functions  of  the  animal.  No  definite  opinion  regarding  the 
effeot  of  oosmio  radiation  on  the  experimental  animal  oould  be  made.  No 
physiol ogioal  effeot  of  its  aotion  has  been  direotly  discovered. 

The  biologioal  experimentation  results  obtained  on  the  seoond  satellite 
and  on  ships-satellites  show  beyond  any  doubt  that  oosmio  flight  oonditions 
are  endured  by  the  animal  with  satisfaction1. 

The  experimentation  result  positive  in  thi~  ease  makes  provisions  for 
continuing  and  expanding  the  investigations,  with  the  purpose  of  oreating 
conditions,  safe  for  the  health  and  life  of  humans  in  oosmio  flight. 


1,  About  flights  of  animals  on  ships-satellites  see  Chapters  VI  and  VII. 
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First  Photos  of  the  Reverse  Side  of  the  Moon 


The  period  of  rotation  of  the  Moon  around  its  axis  ooinoides  with  its 
period  of  rotation  p round  the  Earth,  and  that  is  why  the  Moon  is  turned  to 
the  Earth  always  with  one  and  the  same  Side.  The  presence  of  so-oalled  lunar 
lihrations,  i,e,  periodio  oscillations  of  the  Moon  about  its  center,  visible 
for  ground  observer,  made  it  possible  to  investigate  and  plot  on  charts 
59$  of  its  surface 


Figure  153.  Photo  of  reverse  silo  of  the  Moon  obtained  from 
board  the  AIS  (automatic  interplanetary  station) 


i 


H) 

Fig.l54,Photo  of  the  reverse  aid*  of  the  Moon  taken  frost  board  of  the 
AIS _ _ _ 

Sosa  lunar  formations  are  situated  along  the  very  edge  of  the  visible  disk, whereby 
a  part  of  then  is  visible  only  during  corresponding  librstions  of  the  Moon*  All 
these  narginal  zones  are  visible  with  greater  distortions,  eaused  bv  perspective* 
The  chosen  tine  for  photographing  allowed  the  AIS  to  obtain  photos  of  a  larger 
part  of  the  lunar  surface  invisible  fron  Earth  and  of  a  snail  part  with  already 
known  formations  (fig. 153- 155 )•  Turned  to  the  station  was  the  lunar  disk  almost 
fully  illuminated  by  the  Sun*  Under  such  conditions  of  illuminating  tbs  lunar 
surface  its  formations  do  not  produse  shadows  and  some  details  appesrs  to  be  less 
notiosoblo* 

ICC 
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The  presence  on  photos  of  a  part  of  lunar  araa  visible  frcai  the  Earth  aide  it 
possible  to  tie  down  never  before  visible  objects  situated  on  the  reverse  side  of 
Moon,  to  already  known  ones  and  thus  determine  their  selenographle  coordinates* 

On  the  photo  the  boundary  between  visible  and  invisible  (fran  the  Earth)  part  of 
the  Moon  is  designated  by  dotted  line*  Among  the  objeots  photographed  from  board 
AIS  and  visible  from  the  Barth  we  have  the  Humboldt  Sea  *  Sea  (Mure)  of  Crises* 
Marginal  Sea*  Snith  Sea*  part  of  the  southern  Sea  etc* 

These  seas*  situated  aloNg  the  very  edge  of  the  Moon*  are  still  visible 
during  ground  observations*  and  appear  to  us  as  result  of  perspective  distortion 
as  narrow  and  long*  and  their  true  form  has  not  been  determined  until  now*  On 
photos*  obtained  from  board  the  AIS*  these  seas  are  situated  far  front  the  visible 
edge  of  the  Moon  and  their  form  is  slightly  distorted  by  perspective* 

As  results  of  preliminary  investigation  of  available  photos  it  can  be  men¬ 
tioned,  that  on  the  invisible  part  of  the  lunar  surface  are  predominant  . 
mountainous  regions*  while  seas*  similar  to  seas  of  the  visible  part* there  are 
very  few*  Vividly  expressed  are  orater  seas*  lying  in  the  southern  and  near-eqna- 
t oriel  regions* 

Of  the  seas*  situated  close  to  the  edge  of  the  visible  part*  on  the  photos 
are  clearly  distinguished  almost  without  distortions  the  Humboldt  sea*  Marginal 
Sea*  Smith's  Sea  and  Southern  Sea*  It  was  found  that  the  eouthern  Sea  in 

a  considerable  part  ia  situated  on  the  reverse  side  of  the  Moon*  whereby  its 
boundaries  have  an  irregular  winding  form* 

Smith's  Sea  in  ccsqmrison  with  the  Southern  Sea  has  a  such  rounder  shape  with 
a  mountainous  range  cutting  in  into  its  southern  tip*  Snith' s  Sea  in  a  large  part 
spreads  also  on  the  reverse  tide  of  the  Moon*  Ifce  Mirginel  See  has  an  elongated 
form  with  e  depression  opposite  the  See  of  Crises* J6st  as  the  smith  See  it  is 
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extended  on  the  mutn  tide  of  the  Noon.  The  Humboldt  See  has  the  peculiar  shape  of 
a  pea«# 

The  entire  region  adjoining  the  western  fringes  of  the  reverse  side  of  the 
Moon,  has  a  reflectivity,  intermediate  between  the  mountainous  regions  and  ^tae  seas. 
By  its  reflectivity  it  is  analogous  with  the  area  of  the  Noon,  situated  between  the 
craters  tyeho.  Petavius  and  the  Master  Sea. 

To  the  south  -  south-east  from  the  Humboldt  Sea  on  the  boundary  of  the  mentioned 
region  stretches  a  chain  of  mountains  of  total  length  of  more  than  2000  km.  cross¬ 
ing  the  equator  and  extending  into  the  southern  hemisphere  •  Beyond  the  mountain 
range  extends,  evidently,  the  continental  peak  with  increased  reflectivity. 

In  the  region  situated  between  20  and  30°  northern  latitude  and  140  and  l6o° 
western  longitude  ia  situated  the  Crater  Sea  with  a  diameter  of  about  3 00  km.  In 
the  southern  end  this  sea  ia  ended  with  a  gulf.  In  the  southern  hemisphere,  in  the 
region  with  coordinates  latitude  -  30°  and  longitude  ♦  130°,  is  situated  a  larger 

e 

crater  with  a  disaster  of  sure  than  100  km  with  dark  bottom  and  bright  central  knoll 
surrounded  by  a  luminous  wide  terrace. 

To  the  east  from  above  mentioned  range,  in  the  region  of  ♦  30°  northern  latitude, 
is  situated  a  group  of  four  craters  of  medium  dimension {  the  largest  one  of  that 
group  has  a  diameter  of  about  70  km.  To  the  south-west  from  that  group,  in  the  region 
with  coordinates  latitude  ♦  10°  and  longitude  ♦  110°.  there  is  a  separately  situated 
round  crater.  In  the  southern  hemisphere  along  the  western  edge  are  two  regions 
with  sharply  reduced  reflectivity. 

Furthermore,  the  photos  show  individual  regions  with  slightly  increased  and 
reduced  reflectivity  and  numerous  small  details. 

Tig.  136  shows  a  chart  of  the  reverse  side  of  the  Moon. 

Investigating  the  operation  of  solar  batteries. 
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1-larger  crater  see  diameter  3 00  km  -  Mmco w  Smi  2-Oulf  of  Astronauts  la  Moscow 
Smi  3-  continuation  of  Southern  Sm  os  rmrm  all*  of  Hoomi  4**  Tkiolkewekiy 
orator;  5-  lemon— or  era  tar  1  6-  Joliot-Curie  orator  a  7*  mouatala  ridge  Soretsklyi 
8-  Groom  (Mechta)  Sm,  unbroken  lino  -  lunar  equator,  dot  tod  llao  -  boundary  of 
visible  from  the  lortk  aaatlooa  of  the  Moon;  Raman  nuabars  designate  objects  of 
visible  port  of  tka  Moons  I  -  Ouaboltd  Smi  II-Sea  of  Crieesj  III  -  Marginal  Sooi 
IT  •  Sao  'of  Vo  too)  T  •  Smith  Soot  TZ  -  Fertility  Sea;  VII  •  Southern  Sat* 

As  was  ota tad  before ,  on  tka  third  Soviet  satellite  and  autcnatie  Interplanetary 
station  for  supplying  power  to  the  equipment,  together  with  chemical  e arrant 
sources,  ware  also  used  semiconductor  (silicon)  solar  batteries.  The  installation 

I  of  saw  appeared  to  be  the  first  effort  of  employing  solar  batteries  —  man-made 

satellites  and  oosmio  rookets  under  oonditions  of  oosmic  space. 
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m.156,  chayi;  ■honing  t*  aam  «ia»  of  the  hops 
Th«  probles  concerning  the  possibility  of  using  solar  batter iss  undsr  conditions 
of  oomle  flight  has  a  ouster  of  Tagus  sonants,  which  can  te  solvad  only  by  conduct- 
ing  direct  experiments.  *hieh  sosonts  first  of  all  include  the  tsapsraturs  condition 
of  the  solar  battery,  accurate  calculation  of  which  is  extresely  difficult,  as  well 
as  the  effect  of  seteoric  erosion  on  the  psrf or nance  of  silioon  conrerter. 

Operational  data  of  sensing  elosents,  sounted  on  the  third  -i"-isn1t  satellite 
of  the  Xarth  and  on  the  AZS,  enabled  to  obtain  inforsatiou  about  the  toaveratwre 
of  solar  battery,  the  average  teaperature  of  silicon  eoaverters  varied  between 
16  and  30*  C.  faking  into  consideration  the  very  asaU  theraal  contact  between 
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oeneing  element  and  body  ,  it  la  poaaiblt  on  tha  baaia  of  already  arailabla  data 
to  e oaf Ira,  that  at  a  properly  azacutad  construction  there  should  ba  no  faar  of 
failure  of  photo  converters  aa  raault  of  overheating. 

Measurement  data,  allowing  to  evaluate  aataorie  aroaion,  attaat  to  tha  fact 
that  tha  nibbing  off  of  costings,  prot acting  tha  aorfaee  of  aolar  battariaa,  ia  a 
alow  proaaaa  aad  ala''  cannot  ha  tha  aauaa  for  failura  of  tha  battariaa.  preliminary 
eonolnaioaa  aan  alao  ha  aada  ragarding  tha  affaet  of  cosmic  radiation.  The  opera¬ 
tion  of  radio  tranandttar  *MLTiK  •  through  a  period  of  many  months  confirms,  that 
coamie  radiations,  most  likely,  do  not  present  greeter  danger  for  aolar  batteries. 

The  uninterrupted  operation  of  "NiTiK*  allows  to  make  an  important  conclusion 
of  tha  fact,  that  on  larth  satellites  it  is  already  now  suitable  to  use  aolar  bat¬ 
teries  of  greater  eapaeitanoaa,  Experience  has  shown,  that  such  batteries  are  suit¬ 
able  not  only  for  oriented,  but  in  many  eases  also  for  non-orieated  larth  satel¬ 
lites. 

Positive  experimental  results  on  direct  conversion  of  solar  energy  into  elec¬ 
trical  beyond  the  terrestrial  atmosphere  ,  experiments  carried  out  on  larger  soale 
on  the  third  Soviet  larth  satellite  and  on  the  AIS,  are  of  exclusive  impor tanas  in 
solving  problems  of  securing  the  work  of  soiontifie  aad  measuring  devices  of  satellites 
sad  cosmic  rockets  for  a  period  of  practically  unlimited  time  interval. 
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Chapter  V.  First  Flight  to  the  Venus 
On  February  12,  1 961  the  USSB  launched,  an  AIS  toward  the  planet  Venus. 

The  weight  of  the  AIS  exaotly  643.5  kg.  The  lifting  of  same  into  interplane¬ 
tary  trajeotory  was  realized  with  the  aid  of  a  guided  oosmio  rooket,  whioh  took 
off  from  the  heavy  man-made  Earth  satellite. 

As  was  found  from  measurements  oarried  out  after  the  blast  off,  the  traj- 

eotory  of  motion  of  the  station  was  oloBe  to  the  oaloulated  one.  Moving  along 
that  trajeotoiy,  the  AIS  reaohed  the  region  of  the  Venus  in  the  seoond  of  the 
month  of  May  1961.  Minimum  distance  of  station  from  the  Venus  was  less  than 
100  thousand  km  having  covered  a  distanoe  of  270  million  km,  whioh  proves  the 
high  aoouraoy  of  guiding  it  along  the  trajectory. 

By  launching  the  AIS  toward  the  planet  Venus  was  established  the  first 
interplanetary  road. 

Equipment  of  AIS.  The  automatic  interplanetary  station  (AIS),  represents 
a  oosmic  apparatus,  provided  with  a  oomplex  of  radio  teohnioal  and  soientifio 
devioes,  orientation  and  control  system,  programming  instruments,  temperature 
oontrol  system,  eleotrio  power  sources  (fig,  157) 

Structurally  the  AIS  was  made  in  form  of  an  airtight  body,  oonsist.lag  of  a 
cylindrical  part  with  two  bottoms.  In  the  body  on  an  instrument  frame  was 
mounted  the  equipment  and  ohemioal  battery  units.  On  the  outside  of  the  body 

ware  situated  part  of  the  sensing  elements  of  the  soientifio  apparatus,  two 
panels  with  solar  batteries,  louvers  of  the  temperature  oontrol  system  and 
elements  of  the  orientation  system. 

To  one  of  the  solar  battery  panels  is  fastened  the  block  of  thermal  feelers 
to  study  the  ohanges  in  optioal  coefficients  of  various  ooatings  under  condi¬ 
tions  of  longer  stay  in  interplanetary  wpaoe.  On  the  outside  of  station  body 
are  also  mounted  four  antennas,  One  of  these  -  penoil  beam  antenna  -  has  the 
shape  of  a  paraboloid  with  a  diameter  of  about  2  m  and  in  intended  for  oommuni- 
oation  with  interplanetary  station  at  greater  distances  from  the  Earth  and  trans¬ 
mission  of  greater  volume  of  information  within  a  short  time  Interval. 
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Two  cruoiform  antennas,  mounted  on  the  solar  battery  panel,  have  a  small 
radiation  pattern  and  are  intended  for  eommunioation  at  medium  distanoes  from 
the  Earth. 

Omnidirectional  antenna  -  2*4  m  long  rod  -  intended  for  transmission  of  informs 
ties  sad  determining  trajectory  parameters  at  the  section  near  the  Perth* 

MiTiim  dimsaeieas  of  the  s  tat  lea  (without  consideration  of  antennas  and 
solar  hat  tori  as)  in  length  -  2035  *n  had  in  diameter  -  1050  mm* 

The  solar  battery  panel  and  rod  antenna  prior  to  break  away  of  station  from 
the  eoamic  rocket  arc  folded  up  and  open  immediately  after  its  separation* 

The  construction  of  the  station  secures  the  maintenance  in  the  hermetic 
(airtight)  body  of  initial  gas  pressure  ef  about  $00  am  Hg  for  the  time  of  the 
entire  flight* 

.  The  louvers  ef  the  temperature  control  syotnn*  mounted  on  the  cylindrical 
part  ef  the  body,  turn*  open  aad  close  the  radiation  surfaee*  correspondingly 
raising  or  lowering  the  transfer  of  heat*  liberated  during  the  operation  of  the 
efulpment  carried  on  beard  the  AXS*  The  operation  of  louvers  aad  fans.  Installed  in 
the  interior  of  the  body*  is  controlled  with  the  aid  of  an  autonosous  progressing 
arrangement  aad  system  of  temperature  feelers*  situated  at  points*  subjected  to 
moximnm  overheating  or  supercooling*  In  this  vay  is  solved  the  problem  of  providing 
normal  temperature  for  the  station  etuipmont  over  the  entire  flight  trajectory* 
during  its  trip  from  the  Surth  to  the  Teams*  when  the  station  eoams  oloos  to  the 
Sun  at  a  distance  of  110  million  loo*  i*e*  whan  the  power  ef  solar  radiation  rises 
by  more  than  double* 

two  solar  battery  panels*  constantly  oriented  toward  the  Sun,  secure  eoatin* 
urns  charging  of  the  ohemioal  current  sources* 

fee  radleteehaieal  installation  of  the  AXS  solves  the  following  problems  1 
measures  the  movement  parameters  of  the  station  relative  to  the  Perth) 
transmits  to  Perth  measurement  results,  of  measurements  carried  out  by  the 
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scientific  instruments  carried  on  beard  the  statleni 


transmitting  to  Berth  inform tiom  about  the  operation  of  board  instruments, 
pressures  and  temperatures  within  the  station  and  on  its  body* 

reception  of  larth  radio  commands  pertaining  to  control  of  tho  operation  of 
the  ofulpmwat  on  beard  the  station. 


C 

fig.  157.  Automatic  interplanetary  station 

on  nsssably  stand _ 

top  -  forward  views  below  -  rear  view* 

the  operation  of  the  equipment  carried  on  board  the  station  was  controlled  by 
the  transmission  of  eoasands  over  the  radio  lias  from  ground  points*  and  by  auton¬ 
omous  programing  devious  on  beard  the  station* 

the  orientation  system  of  the  AIS  solves  during  flight  along  the  trajectory 
the  following  problems t 

elimination  of  any  arbitrary  rotation  of  the  station*  obtained  during  break 
sway  from  the  rocket*  blasted  off  from  a  heavy  man-mode  Barth  satellite  i 

secures  the  seeking  of  the  Sun  from  any  position  of  the  station  and  realizing 
station  stabilisation) 

securing  near  the  Tonus  orientation  cf  the  pencil  bean  (parabolic)  antenna 
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facing  the  larth  for  the  obtalnaent  of  mob  higher  riti  of  transmission  of  sci¬ 
entific  information  and  data  about  tba  oparatlou  of  tho  airborua  equipment  back  to 
■arth. 

Tba  US  ia  equippad  with  a  complex  of  aelantlflo  devices  for  carrying  out 
fl/grsieal  meeaur amenta  In  eoamio  apnea t 
to  study  cosmic  raps  | 

to  measure  magnetic  fialda  in  tba  range  of  several  gemaa  unita  to 
several  tana  of  gaanaat 

to  measure  o barged  partielaa  of  intarplaaatary  gas  and  eorpuaeular 
streams  of  tba  Suni 

to  ragiatar  mieroasteors. 

On  board  tba  IIS  ia  plaeod  a  banner  with  atate  emblem  of  tba  USSR.  Tba  banner 
repreaeata  a  modal  of  tba  Barth  and  ia  made  structurally  in  fora  of  a  hollow  apbaro 
with  a  diameter  of  7-  am  aada  of  titanium  alloy.  On  tba  outer  surface  of  tba  apbaro 
is  plotted  an  iaaga  of  continental  outlines.  The  surfaces  of  sous  and  ooeans  are 
painted  in  blue  color,  and  tba  surface  of  continents  -  golden-yellow. 

Within  the  spherical  banner  is  placed  a  aonuaantal  aadal  with  an  iaaga  of 
tba  state  aablaa  of  the  USSR.  On  tba  reverse  aide  of  tba  aadal  in  the  canter  is 
depicted  a  plan  of  tba  solar  ays  tea  with  orbits  of  Mercury,  Tsana,  berth  and  Mars, 
and  tba  inscription  along  tba  adgaa  *  USSR  1961*. 

Tba  autual  disposition  of  planote  cor  respond  to  tba  aa»nt  when  tba  A1S 
draws  elooar  to  tba  Tenua, 

Tba  aphsrical  banner  is  placikl  in  a  special  protective  envelope,  tba  outer 
surface  of  whioh  is  formed  by  pentagonal  elements  of  stalnlssa  steal  with  iaaga  of 
USSR  state  aablaa  and  inscription  'Rrtb  -  Venue,  1961  •. 
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flight  if  Interplanetary  Station  Toward  Teona 

To  carry  out  the  flight  to  Venue  it  wee  neoeaaary  to  aelaet  the  flight  trajec¬ 
tory,  staisfying  a  number  of  conditions,  If  the  date  of  roeket  taka-off  and  the 
date  the  iXS  will  aproacK  the  Venue  are  Mentioned,  then  the  oorbit  of  the 

US  in  the  eolar  system,  beyong  the  sphere  of  action  of  the  larth,  is  determined 
unilaterally,  The  AIS,  getting  away  froai  the  terrestrial  sphere  of  aetioa  ,  should 
acquire  a  velocity,  fully  determined  in  magnitude,  and  in  direction  as  well.  The 
blast  off  and  approach  dates  are  selected  so  that  the  neoeaaary  eaeape  veloe ( ty  of 
the  AIS  from  the  terrestrial  sphere  of  action  would  be  possibly  lower.  The  Teloc¬ 
ity  magnitude,  which  the  carrier -rocket  should  impart  to  the  AIS  along  the  accel¬ 
eration  stretch,  will  also  be  at  minimum. 

Of  great  importance  is  the  method  of  accelerating  the  AIS  by  the  carrier- 
rocket,  At  uninterrupted  operation  of  all  the  rocket  stages  the  weight  of  the  use¬ 
ful  load  depends  not  only  upon  the  Telocity  magnitude  ,  which  the  AIS  must  acquire 
at  the  end  of  the  acceleration  section  ,  but  also  upon  the  angle  of  inclination  of 
the  Telocity  relatiTe  to  the  her  lx  on.  At  greater  angles  of  inclination  the  terras, 
trial  force  of  graTitation  hinders  acceleration,  in  connection  with  which  it  is 
possible  that  the  weight  of  the  useful  load  of  the  rocket  decreases.  So  that  the 
AIS  should  approach  the  sphere  of  action  of  the  Karth,  having  a  Telocity  in  nec¬ 
essary  direction,  during  continuous  acceleration  it  may  become  neeesaary  et  the 
end  of  the  acceleration  eeotion  to  acquire  a  velocity  steeply  Inclined  toward  the 
her Ison, 

Thin  oan  ho  e voided,  if  the  method  of  accelerating  and  intarnedlata  orbiting 
of  the  satellite,  le  applied.  The  satellite,  carrying  e  oossdc  roeket  on 

board,  is  lifted  by  a  carrier-rocket  into  circular  orbit  with  losses. 

Acceleration  of  the  cosmic  roeket,  taking  off  from  board  the  eats 111 to,  is  dona 
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in  almost  horizontal  direction*  Hiving  properly  selected  the  orbital  plana  of  the 
satellite*  place  and  time  of  blasting  off  the  rocket  from  the  satellite*  it  ia 
possible  to  secure  the  escape  of  the  IIS  from  the  sphere  of  action  in  necessary 
direction* 

Take  off  from  board  the  satellite  can  be  best  realized  by  launching  cosmic 
devices  not  only  to  the  Venae*  but  also  along  the  most  variegated  cosmic  paths. 

is  already  stated  *  the  dates  of  blest  off  and  approach  to  Venus  are  selected 
so*  that  the  velocity  magnitude  of  AIS*s  escape  from  the  terrestrial  sphere  of  ao- 
tion  vae  possibly  lower.  This  determines  a  number  of  ranges  of  take-off  and  approach 
dates*  suitable  from  the  viewpoint  of  roeket  power.  The  acceptable  Intervals  of 
take-off  dates  constitute  1-2  months  and  are  repeated  periodically  approximately 
every  19  months*  Of  of  such  intervals  is  due  at  the  end  of  i960  -  beginning  of  1961* 
This  interval  was  used  far  the  launching  of  Tehruary  12* 

from  the  terrestrial  sphere  of  action  the  AIS  escapes  on  an  elliptieal  orbit 
of  periodical  motion  around  the  Sun*  Far  various  energetically  suitable  trajectories 
the  time  of  flight  up  to  approaching  the  Venus  can  be  quite  different*  There  is  a 
flight  trajectory  over  which  the  encounter  between  IIS  and  the  Venus  occurs  during 
the  first  half  of  AIS  rotation  around  the  Sun*  during  the  second  half  of  rotation 
and  so  on* 

For  the  blast  off  of  February  12  was  selected  a  trajectory*  at  which  the 
encounter  takes  plaee  during  the  first  half  of  the  rotation*  At  different  kinds  of 
trajectories  the  flying  tins  increases  considerably  and  the  deviations  of  the  AIS 
at  Venus  do  increase*  all  this  depends  upon  the  errors  at  the  end  of  the  acceleration 
section*  In  addition  *tho  distance  from  ferth  to  Tonus  at  the  moment  the  AIS 
approaches  Tonus  for  these  trajeotorios*  as  a  rule*  is  considerably  greater*  than 
the  trajectory  with  one  ouster  during  the  first  half  of  the  turn* 
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To  secure  the  passing  of  the  AIS  in  iomediate  vicinity  of  the  planet* the  lifting 
of  the  AI8  into  trajectory  must  be  realised  with  greater  accuracy.  Errors  in  tha 
Telocity  Magnitude  by  1  -  3  n/aae  and  errors  in  heading  of  Telocity  by  0*1  -  0.3* 
result  in  change  in  minimum  distance  between  118  and  Venus  by  100000  km*  Such  a 
deTiation  magnitude  is  also  produced  by  a  one  Minutes  error  in  tha  tlae  of  racket 
starting* 

.Deviations  in  the  trajectory  of  the  US  front  the  Venus  nay  also  take  place 
as  result  of  tha  fact  that  the  position  of  Venus  is  known  only  with  speoific  ac¬ 
curacy*  The  basic  source  of  those  errors  is  the  insufficient*  for  tha  given  purpose* 
accuracy  of  Measuring  the  astronomical  unit  (naan  distance  frcn  Xarth  to  Sun), 
determining  the  scale  of  tha  solar  system  * 

It  sufficiently  accurate  IIS  trajeotary  measurements  over  a  larger  part  of 
the  flight  the  astronomical  unit  can  be  defined  more  closely* 

Tor  the  launching  of  an  IIS  to  Vanns  with  tha  aid  of  c  Multistage  rocket  was 
first  orbited  a  heavy  man  Marts  Xarth  satellite*  The  satellite  travelled  in  orbit* 
close  to  e ironies*  -  with  alalnum  distance  from  center  of  the  Xarth  of  6601  km* 
navi  nun  distance  from  center  of  the  Xarth  of  6658  km  and  65*  inclination  of  the 
orbit  toward  the  equator* 

The  cosmic  rocket  was  blasted  off  from  board  the  satellite  in  a  precalculated 
point  of  the  orbit*  When  the  flight  velocity  of  this  reeket  relative  to  the  Xarth 
became  greater  than  the  second  eosaic  veleeity  (escape  velocity)  by  66l  m/see  the 
rocket  escaped  lata  a  precalculated  point  in  space*  the  power  plant  of  the  rocket 
was  shot  off*  and  from  it  broke  away  the  AI8*  Its  free  flight  aleag  a  trajectory 
toward  Venae  has  begu* 

Thus  was  realised  the  first  launching  of  a  guided  unit  from  beard  a  aan-nade 
Xarth  satellite  along  an  interplanetary  path* 
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farther  trawl  of  the  US  la  under  the  affact  of  ^avitational  foveas  of  the 
larth,  San  aad  planets. 

Within  tha  tC''rrectrial  aphara  of  actios  tha  US  noved  over  a  curve,  eloaa  to 
a  hyperbola,  situated  is  plasa  ,  passing  through  tha  eaatar  of  tha  larth  aad  un- 
altaraably  -  oriented  relative  to  the  stars.  This  plasa  is  elosa  to  tha 

plans,  is  which  tha  satellite  moved. 

As  tha  AlS  got  avay  far  her  and  farther  its  velocity  with  respect  to  larth 
decreased  gradually.  The  US  reached  tha  boundary  of  the  terrestrial  sphere  of  ac¬ 
tios  on  February  14*  2300  hrs  Moscow  tine  aad  had  then  a  velocity  of  about  4  ka/sec 
relative  to  the  larth. 

The  velocity  of  the  US  ratatlva  to  tha  &un  ,  which  is  obtained  by  adding 
the  velocity  vector  of  tha  larth  relative  to  the  Sub  and  the  velooity  vector  of 
U8  relative  to  larth,  at  the  aoasnt  of  ssoaplag  frcn  tha  terrestrial  sphere  of  ae- 
tioa  availed  27.7Weee 

After  this  the  aovaaest  of  the  AZS  followed  over  an  elliptical  orbit  with 
focus  is  the  center  of  the  Sun,  This  orbit  hast 

aarlsaia  distance  froa  the  Sun  (distance  is  aphelion)  -  151  Billion  ka 
aisiaua  distance  froa  the  %a  (distance  is  perihelion)  -  10 6  Billion  ka* 
Inclination  to  the  plasa  of  the  eeliptic  (i,e,  to  the  plane  of  the  larth'' 
orbit  -  0.5®, 

Planes  of  notion  of  larth.  Tonus  and  AZS  we  slightly  inclined  to  eaoh  other. 

On  fig,158  is  shewn  the  aovaaest  of  the  AZS,  larth  and  Tonus  in  projection  on 
the  plane  of  the  larth1  s  orbit.  The  siaultaaeous  positions  of  larth.  Tonus  and  US 
are  connected  by  straight  lines.  At  the  beginning  of  its  aoveaent  arcAind  the  Sun 
the  rocket  lagged  behind  the  larth,  lot  long  froa  the  spring  eqtuino*  the  Sun,  US 
aad  the  larth  wove  apprcKiaately  on  one  straight  line.  The  rocket  then  took  ever 
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the  Berth  in  an  angular  aovaaent  around  the  flan.  The  distanet  from  Barth  to  AIS 
during  ita  antira  flight  toward  Tanas  rows  continuously  and  at  tha  none: nt  of 
approach  it  raaehad  70  nilllon  tan* 

Tha  eaglo  batwaan  diraotions  from  tha  eantar  of  tha  Sun  to  Barth  at  tha  nonent 
of  taka  off  and  to  tha  Tonus  at  tha  acaant  of  approaehing  it  was  120°. Tha  tiaa  of 
travel  of  the  AIS  up  to  tha  point  of  approaehing  Tanas  was  not  such  over  3  months* 
Tha  approach  to  Toaas  took  plaee  oa  1940  of  tha  asath  of  Hay  1961* 


Sea  page  174a  for  Figure  1 58 


Fig. I58,  Movement  of  AIS  relative  to  Sun  (in  projection  on  tha 

gbjfrl  gliSt  9f  Itf  _ 

1- position  of  Barth  at  aonant  AIS  approached  Tanas  1  2-pooltion  of  Burth  at  aoacat 
of  blast  off)  3-  lino  of  AIS  orbit  angles  1  4-  position  of  Venus  at  acaant  of  AIS 
approaehi  5-  position  of  Tanas  at  tha  acaant  of  blast  off)  6-  Sun|  7-orbit  of  Venus) 
8- or  bit  of  Barth)  9-  direction  into  point  of  spring  equinox* 

Venus*  just  like  tha  Barth,  has  a  sphere  of  action  (radius  $00000  ka).  Within 
that  sphere  the  influeaoe  of  Venus  oa  the  Movement  of  AIS  was  pradoaiaat  over  the 
iaflmeaee  of  tha  Sun* 

Movement  relative  to  Tanas  within  its  sphere  of  action  followed  along  a  traject¬ 
ory,  close  to  a  hyperbola,  with  focus  in  tha  center  of  Tonus* 

Calculation  of  the  orbit  in  accordance  with  obtained  aaasursusnt  data  showed* 
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Fig,  158,  Movement  of  ATS  relative  to  Sun 
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that  minima  distance  from  the  AIS  to  Vanns  was  lass  than  100000  km* 

If  tha  interplanetary  station  would  ba  a  bright  point*  than  it  would  ba  possibla 
from  tha  ground  to  obaarra  tha  moramant  of  tha  station  on  tha  background  of  sta¬ 
tionary  stars*  Its  path  orar  tha  ealastial  sphara  (flrnamsnt)  is  shorn  on  tha  astral 
chart  (fig. 159)* 


See  page  175a  for  Figure  159 


V 

Tig«159* Visible  movement  of  AIS  (Unbroken  line)  and  Venus  (dotted  line) 
over  tha  ealastial  sphara  (firmament)*  Numbers  designate  position  of  AIS  and 
Vanns  within  aach  24  hours  of  flight*  Along  the  vertical  axis  are  indicated 
deviations  (  in  degrees)*  over  the  horisontal  -  direct  assent  (in  hr  a.) 

At  tha  beginning  of  tha  movement  the  displacement  of  tha  station  relative  to 
stars  was  rapid*  After  leaving  tne  terrestrial  sphere  of  action  tha  station  was  in 
tha  region  of  tha  firmament  situated  on  tha  boundary  of  Cetus  and  Pisces  coasts lie- 
tlona,  in  tha  canter  of  a  triangle*  made  up  of  beta  Aries*  alpha  Pegasus  and  beta 
Cetus  stars*  By  this  time  the  angular  displacements  of  the  AIS  over  tha  firmament 
ware  already  mach  slower  *  Along  this  section  tha  AIS  travelled  relative  to  tha 
larth  approximately  along  a  radius* 

Next  tha  moves  ant  of  tha  AIS  over  tha  celestial  sphara*  as  . .  evident  from 
,  the  chart*  became  similar  to  the  movement  of  planets*  To  the  beginning  of  April  the 

AIS  was  in  the  Places  constellation*  moving  at  so-called  retrograde  motion*  The  point 
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Figure  159  -  Visible  movement  of  AIS  end  Venus 
over  the  celestial  sphere 
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where  the  retrograde  motion  changes  into  straight,  bears  the  name  of  standing 
point*  Direct  movement  among  etars  continued  up  to  the  point  when  the  station 
approached  Venue*  which  took  place  not  far  froai  the  epsilon  Pisses  star* 

Venue  at  the  moment  of  AXS  take  off  was  in  the  Fisees  constellation, moving 
among  the  constellations  in  a  direct  movement*  The  direct  movement  has  slowed  down 
gradually*  and  toward  the  Bad  of  Marsh  Venue  earns  into  standstill* 

After  the  standstill  began  the  retrograde  movement  of  Venus*  which  lasts4  to 
the  beginning  of  May  1961,  then  it  changed  into  direct  movement*  On  this  section 
of  direct  movement  of  the  Venue  came  about  the  approach  with  the  AIS. 

In  table  35  aTa  given  rounded  off  values  of  distances  between  AIS  and  the  Barth* 
Venus  and  the  Sun  and  values  of  direct  aacent  angles  within  each  10  diurnal  periods 
after  the  start* 


liable  35*  Distance  of  AIS  from  Barth*  Venus  and  Sun 


Ho.of 

Date  (aero  hrs 

Distance  of  AIS 

Diet. of  AIS 

Diet. of  AIS 

Dir* Ascent 

In- 

point 

universal 

from  EesthfUll- 

from  Venus* 

from  sun 

of  AIS  in 

clin- 

on  draw- 
lag. 

time) 

lion  km* 

mi  11. km 

miljae 

hrs(h)  * 

min  (m) 

atlon 

of 

_ d 

i 

ATS 

1 

O 

Vabr* 

Mar 

3,4 

74 

145 

01*27“ 

-1,0* 

C 

8,9 

00 

142 

0h22“ 

'  —1,5- 

3 

Mar 

(1 

48 

,  138 

'  0*16“ 

-2,0* 

4 

Mar 

15 

38 

134 

omoa 

-2,25* 

5 

Apr 

21 

27 

129 

0*08“ 

-2,85* 

6 

Apr 

28 

29 

124 

0*10“ 

-1,28* 

7 

Apr 

37 

13 

119 

0,0* 

8 

May 

47 

7,5 

115 

0*32“ 

3.0* 

9 

10 

*y 

Mhjr 

89 

70 

3,1 

less  than  0,f 

111 

•09 

0*51“ 

1*09“ 

JvV 

8,8* 

i 

Measuring-Control  Outfitting  of  AIS 

To  control  the  AIS,  establish  its  orbits  and  two-way  eonmunioatiou  with  the 
AIS  was  constructed  an  automated  radioteohnical  metering  arrangement* 

The  entire  flight  trajectory  can  be  broken  down  conditionally  into  three 
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••etiona t  ooetion  of  flight  of  the  hoary  man-nod o  lorth  satellite!  Motion  where 
cosmic  roc hot  starts  from  board  tho  Mtollito  and  soetion  through  which  the  1XS 
moves  under  the  effoot  of  gravitational  forces  in  direction  to  Venus* 

Measuring  the  trajectory  element*  of  the  hoary  nan  wade  Mtollito  was  realised 
by  speeial  means  ,  situated  on  the  territory  of  the  USSR.  Sate  about  the  performance 
of  units  and  components  of  the  Mtollito  were  picked  up  by  radio  telemetering  stations 
Mt  up  orer  the  territory  of  our  country*  and  by  speeial  ships  stationed  in  the  oceans* 
The  launching  of  the  cosmic  rocket  from  tho  hoary  satellite  was  controlled  by 
telemetering  syotomo* 

After  Mporation  of  the  AIS  was  activated  e  meaeuriag  Mt  of  tho  near  ground 
section*  intended  far  carrying  ant  orbital  and  telemetering  measurements*  At  eaoh 
measurlj^  point  of  tho  near  ground  Motion  were  Mt  up  radiotoohnieal  transmitting 
and  recsiring-recerding  deriees*  parabolie  aatsnnaa  with  program  vectoring  in¬ 
struments* 

Ootsrmination  of  actual  trajectory  when  the  AZS  was  removed  from  tho  lerth  ot 
o  distance  of  100000  km  was  realised  by  radioteehaleal  means  of  the  Long  Diatanoa 
Connie  Radio  Conmunioation  Canter*  This  e enter  also  picked  up  the  telemetering  in¬ 
formation  and  controlled  the  ojulpaeant  of  the  station*  Over  the  e amend  radio  lino 
ware  connected  and  dlMonnMtad  tha  corresponding  AZS  instruments* 

The  operation  of  ell  media  of  tha  AIS  was  carried  out  in  aceordanee  with  a 
special  program,  which  determines  the  duration  of  tha  communication  seances*  their 
periodicity  end  operational  conditions  of  tha  installation* 

To  plok  up  radio  elgeal  at  greater  distances  narrow  band  low-noise  receiver 
units  nor*  used*  This  Mils  for  sufficiently  aeeurste  oa Isolation  of  tha  vain a*  of 
received  an  emitted  frequencies  with  consideration  of  the  Doppler  effoot*  To  main¬ 
tain  constant  frequency  at  the  input  of  narrow  band  receiver  filters,  of  rMtlvers 
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situated  on  the  interplanetary  and  at  tha  metering  point  a  prognosticating 

Doppler  correction  was  iatrodueed  into  the  saitting  and  receiving  frequency. 

At  points  of  the  Loaf  Baaf*  Cosmic  Radio  Oe— nnieatioa  Center  larger  antenna 
installations  were  constructed,  allowing  to  piek  up  radio  si^uils  from  sources, 
removed  at  hags  distances  from  the  Berth* 

The  antenna  ean  he  restores  into  any  giren  point  of  the  celestial  sphere  with  an 
accuracy  of  up  to  several  angular  minutes*  Vectoring  programs  are  automatically 
introduced  into  an  electronic  eosiputer,  which  controls  the  antenna* 

All  measurement  data  are  transmitted  over  an  autoamtic  line  into  a  coordinating* 
computing  center,  whore  the  trajectory  measurements  sre  prsssasc d  with  the  eid  of 
high  speed  electronic  computers,  forecasts  are  made  regarding  the  movements  of  tha 
AI8  and  antenna  factoring  programs  are  calculated.  The  coordinating-computing  e enter 
supervises  all  tha  ground  metering  services  in  eecerdanee  with  n  set  up  pre^ram* 


Chapter  VI.  Soviet  Cosmie  Shi ps-Sat el lit es 


First  Sovie:  ship-satellite 

On  May  15,  I960  the  USSR  sent  up  into  orbit  a  man-made  Earth  satellite 
of  the  first  cosmic  ship.  The  launching  was  oarried  out  for  the  purpose 
of  finiihing  and  testing  the  basio  systems  of  a  oosmio  ship,  guaranteeing 
its  flight  and  return  to  Earth. 

Total  weight  of  ship-satellite  after  separation  of  last  stage  of  earrier- 
rooket  was  4540  kg.  The  ship  satellite  had  a  pressurized  cabin  with  load, 
imitating  the  weight  of  a  man,  and  equipment,  necessary  for  man-flight  into 
oosmio  space.  Weight  of  oabin  (oapsule)  was  2.5  tons. 

The  ship-satellite  was  equipped  with  necessary  board  devices,  total 
weight  of  whioh,  together  with  power  sources,  was  exaotly  1477  kg.  The 
equipment  oonsisted  of  the  followings 

orientation  system,  seouring  speoifio  position  of  ship  during  orbital 
flight} 

braking  power  system,  intended  for  decelerating  the  movement  of  the 
ship  for  the  purpose  of  its  change  over  at  the  given  moment  onto  desoending 
trajeotoryj 

radioteehnical  and  radio  eleotronio  equipment,  intended  for  measuring 
the  orbit  of  the  ship,  controlling  the  Operation  of  instruments  oarried  on 
board  ship,  transmission  to  Barth  of  telemetering  information  and  realizing 
communication  ?ith  ship} 

temperature  and  air  conditioning  oontrol  systems  and  many  other  systems , 
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Power  for  the  equipment  on  board  the  ship  was  supplied  from  ohemioal  cur¬ 
rent  souroes  sad  from  a  solar  battery,  automatically  oriented  toward  the  Sun. 

The  radio  transmitter  "SIGNAL"  mounted  on  the  ship-satellite  operated 
on  a  frequenoy  of  19*995  mo  in  telegraph  and  telephone  oonditions. 

The  ship-satellite  with  the  aid  of  a  powerful  oarrier-rooket  was  lifted 
into  given  orbit,  olose  to  oiroular. 

The  initial  value  of  orbital  perigee  altitude  was  312  km,  and  the  alti¬ 
tude  of  apogee  -  369  km.  The  initial  period  of  ships'  round  trip  in  orbit 
was  91.2  min,  at  a  63*  orbital  inclination. 

After  being  lifted  into  orbit  the  ship-satellite  was  separated  from  the 
last  stage  of  the  oarrier-rocket .  The  last  stage  moved  in  orbit,  olose  to 
the  orbit  of  the  ship-satellite. 

During  the  flight  of  the  ship-satellite  the  ground  measuring  points, 
situated  over  the  territory  of  the  USSR,  oarried  out  systematic  observations 
and  reoeptlon  of  soientifio  information  about  the  operation  of  the  devioes 
and  equipment  of  the  ship.  After  completion  of  the  investigation  program 
the  ship-satellite  was  to  begin  its  descent  with  separation  of  the  pres¬ 
surised  oabin  from  it.  No  provisions  were  made  for  the  return  of  the  oabin 
baok  to  earth.  After  studying  the  flight  oonditions  in  oosmio  spaoe,  oheok- 
ing  the  funotional  reliability  of  the  experimental  oabin  and  separation  of 
same  from  the  ship-satellite,  the  oabin,  as  well  as  the  ship-satellite, 
should  oease  their  existenoe  when  entering  the  dense  layers  of  the  atmosphere 
along  the  desoending  trajectory. 

In  oonformity  with  the  flight  program  on  May  19*  at  2  hrs  15  min.  Moscow 
time  a  oomnand  was  sent  up  for  the  desoent  of  the  ship-satellite  namely  by 
conneoting  the  braking  power  plant  and  separation  of  the  pressurised  oabin. 
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The  decelerating  power  plant  funotioned  normally.  At  the  time  of  its 
operation  was  oarried  out  the  intended  stabilization  of  the  ship-satellite. 
Separation  of  the  cabin  from  the  ship  took  plaoe  at  the  speoifio  moment  of 
time.  Normal  operationoof  oabin  stabilizing  system  has  been  reoorded. 

However  as  result  of  failure  of  one  of  the  instruments  of  the  orienta¬ 
tion  system  whioh  took  plaoe  at  that  time,  the  direotion  of  the  braking 
pulse  beoame  defleoted  from  the  oaloulated  one.  In  oonsequenoe  instead  of 
decelerating  the  ship  there  was  a  oertain  inorease  in  velocity  and  the  ship- 
satellite  ohanges  onto  a  new  elliptioal  orbit,  situated  praotioally  in  the 
previous  plane,  but  having  a  muoh  higher  apogee.  The  perigee  of  the  orbit 
beoame  eq.ua  30?  km,  and  the  apogee  -  690  km.  The  round  trip  period  in 
orbit  rose  to  94.25  min. 

The  last  stage  of  the  oarrier-rooket  oontinued  to  move  over  the  previous 
orbit.  On  July  17,  I960,  during  the  1019th  round  trip  about  the  Karth  it 
entered  the  dense  layers  of  the  atmosphere  and  oeased  to  exist. 

Observation  of  the  ship-satellite  and  reception  of  information  from  it 
after  its  transfer  onto  a  new  trajectory  oontinued. 

As  result  of  the  first  launohing  of  the  ship-satellite  were  obtained 
important  datat 

tested  was  the  take  off  and  flight  aooording  to  given  program  of  a 
powerful  oarrier-rooket,  whioh  seoured  orbiting  of  oosmio  ship  with  high 
aoouraoy) 

In  the  prooesB  of  flying  was  oarried  out  reliable  oontrol  of  the  ship- 
satellite  and  its  orientation) 

during  the  entire  flight  the  alr-oonditioning  and  temperature  oontrol 
systems  funotioned  normally) 

the  radio  means  of  the  ship-satellite,  intended  for  transmission  of  com¬ 
mands  to  the  ship,  for  controlling  its  orbit  and  transmission  of  telemetering 
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Information  oarried  out  their  mission  suooessfullyj 

the  auto-orientation  of  the  solar  battery  on  the  oosmio  ship  was  ohecked 
for  the  first  time) 

oommunioation  with  ship-satellite  in  telegraph  style  was  normal.  In 
telephone  style,  when  realising  relay  of  ground  station  transmissions  through 
the  equipment  of  the  ship-satellite,  there  was  too  muoh  noise  interference 
with  greater  distortions. 

The  launohing  of  the  first  Soviet  ship-satellite  was  the  beginning  of 
a  greater  and  more  oomplex  operation  on  the  creation  of  reliable  oosmio 
ships,  intended  for  man-flight. 
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Seoond  Soviet  Ship-Satellite 

On  August  19 ,  I960  the  USSR  launohed  a  seoond  oosmio  ship  into  oribt  of 
Earth  satellite. 

The  weight  of  the  ship-satellite  minus  last  stage  of  oarrier-rooket  was 
4600  kg. 

The  hhip  was  lifted  into  orbit,  olose  to  ciroular,  with  a  perigee  of 
306  km  and  apogee  of  339  km.  The  initial  period  of  ship's  rotation  was  90.7 

min.,  inclination  of  orbit  to  plane  of  equator  -  64*57'. 

The  basio  problem  of  launching  the  ship-satellite  was  further  develop¬ 
ment  of  systems,  guaranting  the  life  aotivity  of  a  person,  as  well  the  safety 

of  his  flight  and  return  to  Earth.  During  the  flight  were  oarried  out  numer¬ 

ous  msdioal-blologioal  experiments  and  realisation  of  a  program  of  soientiflo 
investigations  of  oosmio  space. 

To  realise  flight  of  a  oosmio  ship-satellite  with  living  matter  on  board 
and  safe  return  of  same  to  Earth  it  was  neoessary  to  solve  a  series  of  com¬ 
plex  soientifiO'Snd  teohnioal  problems,  securing! 

controlled  flight  of  ship  and  its  desoent  to  Earth  with  greater  aoouraoy 
at  fixed  point) 

conditions  for  normal  aotive  life  of  living  substanoes  in  oosmio  flight) 

reliable  radio  -  and  TV  oommunioation  with  oosmio  ship. 

All  these  problems  have  been  solved  suooessfully.  Having  completed  the 
orbital  flight,  the  oosmio  ship  together  with  its  passengers  -  dogs  Byelka 
and  Strelka  and  other  living  substanoes  have  eafely  returned  to  Barth. 

This  historical  achievement  drew  oloser  the  time  for  direct  oonquering  by 
man  of  the  near  solar  spaoe, 

Faultless  operation  of  all  systems,  guaranteeing  the  orbiting  of  the  oosmio 
ship,  as  well  as  high  struotural  data  of  a  powerfull  oarrler-rooket  enabled  to 

reaoh  an  or\it,  practically  no  different  from  the  oaloulated. 
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Arrangement  of  ship-satellite 


The  ooemio  ehip-eatellite  consisted  of  two  baeio  components i  oahin  of 
ship  and  instrument  seotion.  In  the  oahin  were  situated t 

apparatus  seouring  active  life  of  animals  in  flight) 

equipment  for  biologioal  experiments) 

part  of  equipment  for  soientifio  investigations  (photoemulsion  units 
and  radiometer)) 

part  of  equipment  of  orientation  system) 

devices  for  recording  the  oharaoteristios  of  the  oabin  during  desoent 
(feelers  of  angular  velocities,  overloads,  temperatures,  noises  eto.)) 

automat io  systems,  seouring  the  landing  of  ship) 

apparatus  for  autonomous  registration  of  data  regarding  the  functioning 
of  instruments,  as  well  as  physiological  data  of  the  test  animals  along  the 
descending  seotion) 

Ejection  oapsule  with  two  dogs. 

In  the  ejeotion  oapsule,  in  addition  to  two  dogs,  were  12  mioe,  inseote, 
plants,  mushroom  oultures,  seeds  of  oom,  wheat,  peas,  onions,  oertain  types 
of  miorobes  and  other  biologioal  objeots. 

Outside  of  the  ejeotion  oapsule,  in  the  oabin  of  ship,  were  plaoe  28  lab¬ 
oratory  mioe  and  two  white  rats. 

In  the  instrument  seotion  wac  arranged  the  radio  telemetering  equipment) 
apparatus  controlling  the  flight  of  the  ship)  part  of  the  equipment  for  soienti¬ 
fio  investigations  (instruments  for  studying  oosmio  rays  and  short  wave  radia¬ 
tion  of  the  Sun))  temperature  oontrol  devioes)  decelerating  power  plant. 

On  the  outer  surfaoe  of  the  ship  were  situated  rudder  nossles  and  balloons 
(cylinders)  with  supply  of  oompressed  gas  for  the  orientation  system,  sensing 
elements  of  soientifio  equipment,  antennas  of  the  radio  system,  experimental 


184 


39?  •t**-  “< ;  -  vc  - 


solar  batteries,  as  well  as  a  thermo-insulation  system  to  prevent  burning 
up  of  the  oabin  along  the  desoent  seotion.  In  the  walls  of  the  oabin  were 
situated  heat  resistant  illuminators  and  rapidly  opening  airtight  hatches. 

The  gaseous  composition,  humidity  and  air  temperature  in  the  oabin  of 
the  ship,  neoessary  for  normal  vital  aotivities  of  the  experimental  animals, 
have  been  provided  by  a  regeneration  and  temperature  control  systems. 

Transmission  of  information  about  the  state  of  the  experimental  animals, 
the  physical  conditions  in  the  oabin  and  in  the  instrument  seotion,  on  the 
operation  of  the  airborne  equipment  was  realised  with  the  aid  of  radiotele¬ 
metering  systems  to  ground  measuring  points  (measuring  points  on  Earth). 
Radiotelemetering  systems  funotioned  in  two  wayst 

a)  direot  transmission  of  telemetering  information  to  the  measuring  points 
at  the  moment  the  ship  flew  over  these  points | 

b)  storing  of  information  with  subsequent  reproduction  and  transmission 
of  that  information  during  flight  of  ship-satellite  over  the  metering  points. 

The  ship  was  equipped  with  the  radio  system  "SIQBAL"  intended  for  opera¬ 
tional  transmission  of  Information  and  prooessing  of  radio  telephone  oommuni- 
oation  problems  with  satellites. 

The  transmit  images  of  the  experimental  animals  on  board  the  ship  a 
speoial  TV  apparatus  was  set  up. 

Ship  oontrol  was  automatlo,  and  by  the  transmission  of  eoraands  from 
Barth.  On  board  the  ship  was  installed  a  highly  aoourate- orbit  oontrol  eystem. 

Power  for  the  equipment  on  board  the  ship  was  supplied  from  ohemloal  cur¬ 
rent  souroes  and  from  a  solar  battery.  The  solar  battery  was  situated  on  two 
half-disks  with  a  diameter  of  1000  mm,  oriented  toward  the  Sun  with  the  aid 
of  a  speoial  system,  regardless  of  the  ship's  position. 

r 
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Flight  of  Ship  and  its  Return  to  Earth 

After  the  ship  is  brought  into  orbit  it  eeparates  itself  from  the  last 
stage  of  the  oarrier-rooket .  During  orbital  flight  the  task  is  being  oarried 
out  in  aooordanoe  with  a  fixed  program  of  its  basio  systems)  orientation 
system,  telemetering  system,  temperature  oontrol  system,  soientifio  and  TV 
apparatus,  as  well  as  the  apparatus  providing  conditions  for  vital  aotivitles 
of  the  living  organimms  situated  in  the  oabin  of  the  ship. 

Orientation  of  ship  at  the  time  of  flight  in  orbit  and  along  the  descend¬ 
ing  seotion  is  aooomplished  with  the  aid  of  an  orientation  system.  During 
the  operation  of  the  orientation  system  one  axis  of  the  ship  was  direoted 
along  the  looal  vertioal  and  the  other  one  -  perpendioularly  to  the  plane 
of  the  orbit,  the  third  one  (longitudinal  axis  of  ship)  -  perpendioular 
to  the  first  two,  along  the  intersection  of  the  plane  of  looal  horison  and 
the  plane  of  the  orbit. 

The  flight  of  the  ship-satellite  was  tracked  by  ground  stations,  situated 
over  the  territory  of  the  USSR,  The  obtained  information  was  transmitted 
automatically  over  oommunioation  lines  into  computation  oentera.  As  result 
of  prooessing  these  data  on  eleotronio  computers  were  obtained  ao our ate 
elements  of  the  ship's  orbit,  whioh  provided  the  necessary  prognosis  of 
further  movement  of  the  ship  in  orbit  and  the  possibility  of  its  landing  in 
the  given  region. 

The  requirements  for  exact  knowledge  on  orbital  elements  depend  upon  the 
values  of  permissible  errors  during  the  landing  of  the  ship-satellite,  because 
to  land  in  a  given  region  it  is  necessary  to  seleot  tho  exact  time  for  out ting- 
in  the  braking  (decelerating)  power  plant  with  consideration  of  the  real  values 
of  coordinates  and  velooity  of  the  ship-satellite  at  that  particular  moment 
of  time.  An  error  in  ship  velooity  of  1  m/seo  leads  to  a  deviation  of  tho 
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landing  point  by  almost  50  km.  An  error  in  true  altitude  above  the  surfaoe 
of  the  Barth,  equalling  100  m,  defleote  the  landing  point  by  4*5  km,  and  an 
error  in  direotion  of  the  velooity  vector  relative  to  the  surfaoe  by  the 
Barth  by  one  angular  minute  leads  to  a  deviation  in  landing  poiftt  by  50-60  km. 

In  conformity  with  orbital  prognosis  data,  as  well  as  in  conformity  with 
telemetrio  measurements,  which  characterised  the  operation  of  the  airborne 
equipment ,  from  the  ooordinatlng-oomputer  center  in  aooordanoe  with  a  preset 
program,  oontrol  oommands  were  transmitter  to  the  ship-satellite  in  oosmio 
spaoe. 

During  the  18-th  round  trip  from  the  Earth  was  sent  up  a  command  for 
ship's  descent  with  consideration  of  its  landing  at  a  given  region  (Pig.  160). 


( 
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lUeht  aft  laMiai  of  saaste  thtoatimiti 

1-dec  deration  with  Jet  engines  2-desconding  trajectory |  3-landing  region  for 
cabin  of  coanie  ship  and  the  ejected  capsule* 

To  make  the  ship-eatellite  descent  from  orbit  to  Barth  with  the  aid  of  a  braking 
power  plant  it  was  decelerated  to  a  Telocity  of  motion  as  required  by  calculation. 
The  deac ending  trajectory  was  selected  so  that  the  overloads  during  the  entry  of 
the  descending  ship  into  ths  dense  layers  of  tbs  atmosphere  .  and  the  time  of  their 
action  should  not  exceed  the  values  permissible  for  living  organisms* 

After  the  ship  changes  onto  a  descending  trajectory  the  instrument  section  was 
separated  from  the  cabin.  Ifce  instrument  section  burned  up  when  entering  the  dense 
layers  of  the  atmosphere. 

Along  the  d-sceoding  section  the  cabin  was  decelerated  in  the  atmosphere  by  a 
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apacial  braking  system.  topping  down  to  an  altitude  of  7000  a*  the  eabin  flew 
from  the  moment  deseant  began  about  11000  km.  hjaxioum  orer  loads  during  eabin 
deeelaration  In  the  atmosphere  amounted  to  10  units. 

At  an  altitude  of  7*8  thousand  ka  upon  command  from  barometric  relay  stations 
the  lid  of  the  ejection  hatch  was  thrown  open  and  the  oapeule  with  the  anlnals  was 
catapulted  out  (ejected)  froa  the  cabin  of  the  ship.  The  descending  trip  of  the 
oapeule  was  at  a  Telocity  of  608  a^see.  and  that  of  ship  cabin  -  10  a/eec. 

Inasdiately  after  the  catapulting  (ejection)  of  the  capsule  radio  direction 
finding  systeas  were  cut  in.  intended  for  finding  the  direction  of  capsule  and 
eabin  at  the  tins  of  descent  and  after  their  landing,  landing  of  anlmals.whieh  node 
the  flight  on  board  the  ship-satellite,  could  hare  been  carried  out  directly  in  the 
cabin  of  the  ship,  but  for  the  purpose  of  operating  the  catapulting  system. which 
(  appears  to  be  a  reserve  landing  sjrstea  for  future  nan-flights,  the  capsule  with 

the  anlnals  was  catapulted  (ejected)  during  flight. 

The  high  landing  accuracy  of  the  ahjf>satelllte  (deviation  of  landing  point 
from  calculated  was  less  than  10  km)  indicates  high  perfection  of  the  ship's 
oontrol  system  and  the  accuracy  of  determining  the  orbital  elements  by  ground 
metering  units,  the  error  of  whioh  hare  a  direct  effect  on  the  deviation  of  the 
landing  point.  After  the  lending  the  cabin  of  the  ship  and  the  oapeule  with  animals 
showed  no  eigne  of  dsmage  ,  which  indicates  the  perfection  of  the  landing  systmn. 

Providing  conditions  for  vital  activities  on  board  the  ship 
For  normal  living  functions  of  the  animals  specific  atmospheric  conditions  la 
the  cabin  are  needed.  Therefore  the  basic  requirements  for  an  airtight  ship  cabin 
were  as  follows! 

maintenance  of  barometric  pressure,  close  to  pressure  et  see  level,  at  an 
oxygen  eoneentratloa  of  20-25#  tod  carbon  dioxide  concentration  of  not  acre  than  lf| 
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Maintenance  of  air  teaperature  within  limit*  of  15  *  25°C  and  relative  humid  ity 
within  limits  of  30  •  f09C| 

purification  of  air  tram,  toxie  admixtures, formed  during  the  operation  of  eabin 
devices.  ae  well  ae  by  the  aniaala  in  the  prooeee  of  their  life  activities. 

Two  aueh  doge*  like  fielka  and  Strslka.  require  8-9  liter*  of  oocygen  per  hour 
and  exhale  during  the  reepiration  6-7  liters  of  carbon  dioxide  per  hour  and  0.25 
liter  of  water  within  a  diurnal  period*  Ibkiig  into  consideration  that  the  normal 
life  aetirity  of  a  dog  ia  disrupted  upon  a  reduction  in  oxygen  content  to  below 
18X  end  at  an  increase  in  the  content  of  carbon  dioad.de  to  2-3*.  it  will  becoae 
apparent*  that  without  adoption  of  special  Measured  in  the  eabin  of  coamic  ship 
the  aniMals  May  parish  rapidly. 

To  secure  for  the  entire  tine  of  flight  nor Mai  gas  composition  of  the  air.  its 
temperature,  pressure  and  humidity,  the  eabin  was  provided  with  an  air  conditioning 
system,  which  Maintained  the  atmospheric  parameters  in  the  cabin  within  given  limits. 

To  maintain  required  gas  composition  of  the  air  in  the  airtight  eabin  of  the 
ship  it  was  provided  with  a  special  arrangement,  in  which  highly  active  chemical 
compounds  were  used,  absorbing  the  carbon  dioxide  and  water  vapors  from  the  air  of 
the  cabin  and  generating  an  equivalent  amount  of  oxygen. 

The  employment  of  chemical  compound*  for  the  regeneration  of  air  in  cabins  of 
small  volume  encounters,  however,  considerable  difficulties,  one  of  which  lies  in 
the  fact,  that  the  rate  of  eoqrgen  formation  does  not  always  meet  the  requirement 
of  living  orgmieme.  To  maintain  equilibrium  between  the  liberation  of  oocygen  and 
the  demand  for  same  by  animals  It  became  necessary  to  sitertt  special  devioes.  auto¬ 
matically  controlling  the  rate  of  absorption  of  earbon  dioxide  and  water  vapors 
with  the  formation  of  the  necessary  amount  of  oxygen.  This  automatic  control  of 
the  regeneration  pr ocean  ifs  carried  ant  by  n  very  simple  and  reliable  construct!** 
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tf  a  sensitive  element.  reacting  to  change  in  operational  condition  of  regeneration 
unit  on  the  whole* 

▲  reduction  in  the  anount  of  oxygen  and  an  iuereaae  in  ear  bon  dioxide  concentra¬ 
tion  waa  absorbed  (picked  up)  by  a  spaaing  element.  transmitting  corresponding  sig¬ 
nals  to  the  to  lane  taring  and  operational  mechanisms.  In  ease  of  excessive  formation 
Of  oxygen  the  operational  meehanias  was  automatically  activated,  as  result  of  which 
the  cabin  was  fed  with  air  only  partially  enriched  with  oxygen. 

fhe  given  air  pressure  in  the  eabin  was  maintained  automatically.  Especially 
developed  dilters  secured  reliable  purification  of  eabin  air  in  ease  it  became 
contaminated  with  toxic  chemical  impurities,  liberated  as  result  of  the  vital  activ¬ 
ities  of  the  animals  and  during  the  operation  of  the  devloes. 

Data  about  the  operation  characteristics  of  sensitive  elements  and  about  the 
parameters  of  the  air  in  the  cabin  were  transmitted  over  the  telemetering  system  down 
to  Earth. 

Numerous  experiments,  carried  out  under  laboratory  conditions  .  showed,  that 
the  developed  air  conditioning  and  regeneration  system  secures  reliable  maintenance 
within  given  pressure  limits,  relative  humidity,  as  well  as  oxygen  and  oarben  dioxide 
eoaoentratiens  in  the  air  of  the  airtight  eabin. 

Ihe  problem  of  creating  the  necessary  conditions  in  the  cabin  includes  also  the 
maintenance  of  given  air  temperature. 

Ihe  dogs  and  other  anlsmls  which  took  part  in  the  flight  were  capable  of  endur¬ 
ing  greater  fluctuations  of  the  surrounding  temperature.  However  whan  readying  for 
the  flight  the  job  was  create  opTimam  favorable  temperature  conditions.  Ihe  fact  is 
that  considerable  deviations  of  conditions  from  normal  expose  the  animals  to  condi¬ 
tion  of  more  or  less  large  additional  loud,  requiring  corresponding  strain  of  the 
physiologies!  mechanisms,  control  ling  the  vital  activities  of  the  organism. 
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This  in  torn,  would  create  an  unfavorable  background  far  tba  endurance  of  baale 
conditions  of  coaaie  flight  -  overloads,  weightlessness  etc. Consequently  the  problem 
oane  up  of  asintalnlng  the  given  air  tenperature  with  very  narrow  fluctuations. 

In  solving  this  problea  it  was  aeoesacfty  to  overcome  a  series  of  difficulties, 
a  BMjority  of  which  is  connected  with  the  inconstancy  in  the  rate  of  heat  liberar 
tion  by  the  animal  and  the  apparatus.  But  at  the  sane  time,  in  order  that  the  air 
temperature  should  not  go  beyond  the  given  limit,  the  amount  of  tapped  (discharged) 
heat  per  each  period  should  be  within  strict  conformity  with  its  entry. 

To  eliminate  heat  from  the  cabin  of  the  ship  was  used  a  cooling  unit  with  liq- 
u id -air  radiator.  The  liquid  refrigerant  came  to  the  radiator  from  the  ship*  a 
thermoregulation  system.  Delivery  of  refrigerant  was  controlled  in  relation  to  the 
temperature  in  the  cabin.  Such  a  system  secured  stable  air  temperature  aaimtenanee 
in  the  cabin  during  the  entire  flight. 

To  maintain  given  temperature  in  the  instrument  section  and  stable  tenperature 
of  the  coolant  the  ship  was  provided  with  a  radiation  heat  exchanger  and  louver 
system, The  heat  from  the  airtight  instrument  section,  filled  with  gas,  was  drawn 
off  directly  to  the  radiation  heat  exehanger,  situated  on  the  body  of  the  instrum¬ 
ent  compartment, 

feeding  and  watering  the  experimental  animals  during  the  long  flight  on  the 
men  malt  larth  satellite  involve  certain  difficulties,  connected  mainly  with  the 
conditions  of  weightless  ness.  This  eliminates  the  possibility  of  serving  the  dog 
water  in  an  open  vessel  because  the  liquid  can  be  carried  away  easily  and  it  will 
become  inaccessible  for  the  animals.  Solid  food,  intended  for  feeding  under  condi¬ 
tions  of  weightlessness,  should  not  crumble  and  break  into  pieces, 

1  simple  and  effective  method  of  surmounting  the  enymerated  difficulties  is 
the  use  of  viscous,  gel  like  mixture,  containing  the  necessary  nutritious  sub- 
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stanees  in  sufficient  amount  and  simultaneously  also  tlie  necessary  amount  of  water. 
This  o cabined  method  of  feeding  animals  was  applied  for  the  first  time  to  eondoet 
a  biological  experiment  on  the  man-made  Xerth  satellite  carrying  the  dog  Layka. 

On  tits  basis  of  calculations  and  numerous  experiment  a  waa  developed  a  oor- 
espoading  preeeriptioa  for  the  eembiaed  feeding  mixture.  Such  a  feeding  mixture 
has  a  Jelly-like  cons  latency  and,  possesses  sufficient'  eohesiam  with  the  wa]  Is  of 
the  feed  box* 


To  portion  out  to  the  experimental  animals  their  daily  allotment  of  food 
mixture  the  constructors  developed  a  feeding  autoamt. 

To  protect  the  feed  mixture  from  spoiling  it  was  subjected  to  sterilization 
in  an  autoclave  at  a  temperature  of  115°C,  which  offered  reliable  conservation 

of  same* 


When  testing  the  animal  feeding  system  under  ground  conditions  it  was  found* 
that  dogs*  feed  for  s  longer  period  of  time  on  the  combined  mixture  from  the  cute- 
metle  feeding  box*  they  lost  no  weight  sad  suffered  no  thirst.  It  is  nsoessnry  to 
point  out*  however*  that  the  use  of  combined  feed  required  end  long  systematic 
training  of  the  animals  in  accordance  with  s  special  program  under  conditions  * 
close  to  flying  conditions  on  board  a  cosmic  ship* 

Tor  the  ado*  and  rata  wars  developed  special  cages*  Along  their  walls  were 
situated  tubes  -  feed  boxes*  which  wars  filled  with  dry  nutrient  briquettes, 
containing  all  the  necessary  nutritious  substsness*  Veter  was  in  a  separate  little 
tank  and  flowad  into  the  eege  through  a  pipa  with  wick*  The  nice  and  rats  wars 
pre-tr aimed  to  such  s  method  of  feed  receiving. 

Catapulting  (ejection)  capsule  (container)  for  Animals 
The  catapulting  container*  in  uhleh  dogs  Bye  Iks  end  Strelke  were  placed* 
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appears  to  be  oaa  of  the  container  variants,  developed  for  nan-flight. 

The  shape  of  the  container  was  chose  an  with  consideration  as  to  secure,  after 
the  catapulting,  stable  position  of  container  axis  relative  to  the  velocity  vector. 
The  container  held  the  following  units  and  ay  stasis  t 

cabin  for  animals  with  trough,  feeding  automat,  sanitation  arrangement,  air 
conditioning  system  etej 

ejection  and  pyrotechnics 1  means j 

radio  transmitters,  intended  for  finding  the  direction  of  the  container  | 

IT  camera  with  illumination  and  mirror  (reflecting)  system) 
blocks  with  nuclear  photoemulsioas, 

Arrangement  of  the  system  is  shown  in  fig.l6l.  The  cabin  was  made  of  sheet 


Fig.l6l,  Hermetically  sealed  animal  cabin  in  ejection  container  on  boerd 

tbf  f hip-cat ellite  i _ _ _ 

1-bottle  of  air  supply  system)  2-the  pyroteehnical  mechanism  of  ejection)  3-  redlo 
direction  finding  unit)  4-  special  storage  battery  for  heating  microbe  test  tubes) 
5-storage  battery)  6-  special  scientific  e^pment  unit)  7-  ejection  container) 
8-aovemont  feeler)  9-alrtight  animal  cabin)  lO^Bicrophoac)  11*  radio  direef lan 
finder  antenna)  12-input  and  output  valves)  13- TV  camera)  li^lrror)  15-vemtilatlon 
l6-«  cabined  faed  neohsnlma. 


194 


62 -/A/ 


On  the  very  trough  were  situated  th*  movement  faelara  and  automat  for  measuring 
blood  pressure  of  tba  anlanls.  On  tbs  upper  bottom*  mad*  in  form  of  a  removable 
lid,  war*  plae*d  th*  TV  camera,  illumination  and  mirror  system,  fan  aad  block  of 
microorganism  containers* 

In  tb*  cabin  vara  secured  contaiaars  for  small  biological  objects  aad  a  micro* 
phone,  enabling  to  estimate  the  noise  level  in  flight* 

All  the  systems  of  the  ejection  container  (fig.  162)  with  animal  cabin  vara 
designed  for  longer  stay  in  cosmic  flight* 


top  *  right  Tie*  |  bottom  -  left  Tier* 


Tel* ria ion  apparatus  of  cosmic  ship 

Objective  data  on  the  physiological  functions  of  experimental  aniaals  cannot 
be  fully  generalized  if  no  possibility  oedsts  for  simultaneous  direct  observation 
of  the  animals*  The  Tf  system  of  the  ship-satellite  provided  the  physiologists  with 
such  an  opportunity*  Images,  transmitted  from  board  the  ship  at  the  time,  when  the 
ship-aatelllte  was  in  the  zone  of  action  of  ground  receiving  points,  vara  recorded 
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on  notion  picture  film.  Simultaneously  on  the  very  sane  fiin  with  on  accuracy  of 
up  to  1  frame  were  recorded  tine  marker*'  synchronized  with  the  tins  markers,  re¬ 
produced  on  te  lane  taring  tapes*  In  this  way*  by  comparing  the  films  it  was  possible 
to  determine  how  the  animal  be  bared  at  the  given  moment  of  tine  and  what  physiolo¬ 
gical  changes  accompanied  these  or  any  other  ae tin ties  of  the  animal* 

When  constructing  the  TV  apparatus  a  number  of  contradicting  requirements  cam* 
up*  On  one  hand,  it  was  necessary  to  secure  high  quality  of  the  image*  on  the  other 
hand*  to  reduce  to  a  maximum  extent  the  weight*  overall  dimensions  and*  particularly* 
the  power  requirement  of  the  apparatus*  The  scientific  problem  of  transmitting  in¬ 
formation  on  the  behavior  of  the  animals  and  coordination  of  their  movements*  allowed 
for  a  considerable  reduction  in  the  parameters  of  the  TV-image  i  number  of  scanning 
lines*  frequency  of  frames  thus  sharply  narrowing  the  spectrum  of  the  TV-signal* 
Taking  under  consideration  also  the  technical  factors  -  in  the  first  experiment 
it  was  found  advisable  to  work  in  a  possibly  more  narrow  frequency  spectrum*  in 
order  to  guarantee  against  possible  frequency-phase  distortions*  which  could  have 
originated  during  the  transmission  of  spectrum  of  several  ms* 

The  selection  of  such  parameters  provided  the  possibility  of  creative  a  highly 
eeonomieal  and  reliable  radio  channel  with  greater  supply  of  energy  with  an  image 
satisfying  the  requirements  of  tbs  given  problem* 

On  board  the  ship  were  placed  two  small  sis*  TV  cameras*  One*  situated  direct¬ 
ly  on  the  container  hatch*  through  the  window  of  the  hatch  were  transmitted  images 
of  Syelka  anfas  >  front  view*  The  second  camera  was  plaeed  in  the  cabin  of  the  ship 
and  through  the  side  window  of  the  container  transmitted  images  of  strelha  in 
profile  (f if *163)  * 

TV  transmission  began  long  before  the  take  off  of  the  ship*  The  condition  of 
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the  «n<— 1«  mb  observed  on  the  take-off  section,  at  the  moment  of  change  over  from 
overloads  into  weightlessness  and  than  during  all  the  turns,  when  the  ship-eatellite 
was  in  eoamunieatiom  with  any  one  of  the  ground  receiving  stations  (fig.l64)* 

Connect  ion  and  disconnection  of  TV  centra  s  and  auxiliary  illumination  was  realized 
upon  eoamands  from  the  lerth.  The  caamras  were  connected  alternately. There  was  the 
possibility  of  switching  ewer  the  cameras  at  any  given  moment  of  transmission* 

At  the  ground  stations,  in  addition  to  visual  observation  deviate,  were  plaoed 
duplicated  recording  devices,  in  which  all  steps  have  been  taken  to  secure  highly 
reliable  registration. 

The  obtained  TV  films  are  of  greater  scientific  and  perceptional  importance,  not 
to  mention  the  impression,  which  the  viewer  experiences,  having  gained  the  possibility 
with  "his  own  eyes"  to  take  a  look  into  the  cosmos, 

Orest  also  is  the  purely  technical  value  of  the  firet  experiment  on  the  brans* 
mission  from  cosmos  of  images  of  mowing  objects.  It  yisldsd  highly  valuable  expe~ 
rlemee  ,  which  will  enable  in  the  future  to  develop  and  improve  cosmic  W  systems, 

Medical-Biological  Investigations 

The  basic  problems  of  medics  1-biolcgi cal  experiment  on  the  cosmic  ship-satel- 
lite  were i 

studying  the  life  activity  characteristics  of  various  animals  and  plants  under 
conditions  of  cosmic  flight. 

studying  the  biologies!  offset  of  basic  cosmic  flight  factars  on  living  or¬ 
ganisms  (over loads,  lasting  waightlsssmaaa,  change  over  from  reduced  vsightlneas 
to  inoreassd  and  vies  versa) 

Studying  the  affect  of  cosmic  radiations  on  aninal  and  plant  erganiama  (on  the 
stats  of  their  vitality  and  heredity)) 
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cell#  (Hellcells)  and  small  preserved  sections  of  human  skin  and  rabbit  skin. 

In  addition,  the  ejection  container  contained  four  automatic  bloe laments  with 
culture  of  oil-acid  fermentation  bacilli,  with  two  bioelements  situated  in  a  special 
thermostat,  and  two  in  a  nonheated  container. 

The  experiment  was  preceded  by  greater  preparatory  work,  including  the  development 
of  investigation  methods,  control  and  recording  equipment,  as  well  as  preliminary 
experiments,  in  which  was  investigated  the  effeot  of  individual  factors  on  the 
state  of  animals  and  plants,  necessary  background  and  control  experiments. 

When  readying  for  the  biological  experiment  on  the  cosmic  ship-satellite  in  role 
of  basic  biological  species  were  used  traditional  laboratory  animals  -  dogs,  the 
normal  physiology  of  which  has  been  well  investigated. 


Flg.l&uftrelka  in  vsrlc^  rnrrtT  tf  fltAt 
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These  animals  submit  to  training  and  resist  various  physical  effects*  The  presently 
applied  methods  allow  with  sufficient  accuracy  and  ease  to  record  various  physiol¬ 
ogical  characteristics  of  dogs* 

A  whole  series  of  requirements  cane  up  in  connection  with  the  experimental 
animals.  The  dimensions  of  the  dogs  had  to  provide  a  sufficient  degree  of  freedom 
of  movement  in  the  oabini  color  -  qualitative  and  contrasting  observation  of  the 
movements  of  the  animals  through  the  medium  of  TV*  Preference  was  given  to  so- 
called  "  pure  breed  dogs  *  *  which  were  distinguished  by  high  resistance  to  actions 
of  various  outer  conditions*  Great  importance  was  attached  to  the  type  of  nervous 
activity!  selected  were  dogs  of  strong,  balanced*  movable  type  in  which  the  condi¬ 
tional  reflexes  necessary  for  the  experiment  have  been  easily  developed* 

Far  the  experiment  wore  taken  mature  dogs  in  the  age  bracket  of  from  one  and 
one  half  to  three  years.  The  animals  were  subjected  to  thorough  physiological  and 
clinico-veterinerial  investigation.  TO  record  arterial  pressure  operations  have 
been  performed  to  bring  out  the  carotid  into  the  cutaneous  part  of  the  neok.  Tor 
reliable  registration  of  cardio  biocurrents  under  the  skin*  were  applied  electrodee 
made  of  a  special  alloy* 

As  is  known*  during  the  flight  on  a  cosmic  ship  the  experimental  animals  should 
be  confronted  by  a  whole  series  of  unusual  factors i  greater  accelerations,  vibrations, 
noise*  long  stay  in  a  hermetically  sealed  cabin,  feeding  from  automatic  devices 
and  realization  of  natural  organiamal  functions  in  special  clothing* 

To  train  for  the  experiment  the  dogs  underwent  a  longer  period  of  training  in 
a  model  of  the  cabin  of  the  ship-satellite  with  a  fixation  system*allowing  the 
animals  to  carry  out  the  volume  of  movements  necessary  for  normal  life  activity* 

The  time  of  finding  the  dogs  in  fixed  position  was  increased  gradually. The  dogs 
became  accustomed  to  wearing  sensing  elements*  fixing  clothing  and  sanitation 
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devices  •  The  pr ogram  of  animal  training  inelndad  also  training  of  dogs  in  being 
fed  with  specially  prepared  mixtures  from  autoaatie  devices,  to  which,  as 

a  rule*  the  dogs  beeaae  easily  and  rapidly  accustomed. 

During  the  process  of  training  was  carried  oat  a  greater  number  of  examinations 
to  determine  the  resistance  of  dogs  to  accelerations,  Inch  of  the  chosen  animals 
was  subjected  several  times  to  the  effects  of  accelerations  on  a  special  stand. 

The  experimental  results  aliened  to  establish  the  satisfaetery  endurance  by  exper 
imental  animals  of  overloads  with  slight  individual  fluctuations  of  the  physiolog¬ 
ical  parameters. 

As  is  known,  along  the  sectlen  of  ship  orbiting  the  organism  of  the  animal 
ia  subjected  to  the  effect  of  vibrations,  which  can  definitely  affeet  its  oeadi* 
ties.  To  explain  this  problem  experiments  were  carried  out  by  the  results  of  whieh 
it  was  possible  to  estimate  the  satisfactory  endurance  of  the  animal  of  vibrations 
anticipated  in  flight.  In  addition,  separate  series  of  experiments  have  been  made 
to  ommaine  the  individual  resistanso  of  animals  to  the  effects  of  shock  overloads 
(taking  place  during  ejection  of  the  container),  reduced  barometric  pressure, 
higher  and  lower  temperature. 

After  eompletihgthe  whole  cycle  of  training  and  testing  for  participation  in 
in  the  flight  experiment  were  ehoeea  dogs  Byelka  and  Strelka  (fig.165). 

Both  dogs  passed  preliminary  training  and  testing  Jobs  with  satisfaction  and 
wore  than  placed  in  preflight  condition. 

To  control  the  condition  of  the  animals  in  flight  and  to  solve  the  physiolog¬ 
ical  problems  of  the  experiment  a  special  set  of  medical  iavestigktion  devices  was 
developed.  This  set  secured  the  recording  of  the  physiological  functions  of  the 
experimental  animals  in  flight  of  the  cosmic  ship. 

During  the  flight  wore  recorded  the  following  physiological  characteristics! 
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arterial  pressure,  e  lee  tr  sear  iegram,  tonicity  of  the  heart  ,  respiratory  frequen¬ 
cy,  body  temperature,  material  activity  of  the  animals. 

Tocetker  with  thie  were  fixed  data  an  barometric  pressures,  temperature  aad 
humidity  in  the  airtight  cabin,  as  well  aa  control  data  on  the  funetioniaf  ef  eye. 
teas  providing  conditions  for  life  activities* 

With  consideration,  that  the  basic  purpose  of  an lasl  experimentation  la  the 
training  of  nan  for  flight  Into  cosmic  space,  greater  attention  has  boon  derated 
to  problems,  connected  with  the  study  of  the  functioning  of  the  notorial  apparatus 
of  the  aniaals  ,  aad  in  particular  the  coordination  of  arbitrary  movements.  Tor 
this  was  used  television  and  special  movement  sensing  devises. 

The  T f  films  photographed  on  the  ground  allow  to  estimate  the  behavior  of 
the  aniaals  in  conic  flight.  In  combination  with  inf  or  ant  ions  received  from  move, 
meat  sensing  devices,  they  ean  provide  material  far  Judging  about  the  state  of 
higher  functions  of  the  central  nervous  system  aad  about  the  adaptation  of  the 
animsls  to  weightlessness  conditions.  Thanks  to  the  presence  on  if  films  of  single 
time  markers  each  movement  of  the  animal  ean  be  connected  with  greater  aeouraoy  with 
the  already  available  at  the  given  moment  values  of  any  given  physiological  func¬ 
tions. 

In  the  animal  cabin  in  immediate  vlelaity  of  the  dogs,  as  well  as  on  the  clothing 
of  Byelka  sad  S troika  we  placed  individual  dosimeters  for  manuring  ionising  radia¬ 
tion.  Returned  together  with  the  animals  back  to  Barth  the  dosimeters  yielded  data 
on  the  offset  of  charged  particles  on  the  animals,  offset  of  eleetr  one  emetic  radia¬ 
tion  and  of  neutrons,  included  in  the  composition  of  cosmic  radiation. 

Investigation  and  evaluation  of  the  biological  effect  of  various  factors,  connect- 
ed  with  cosmic  flight,  aad  above  all  the  study  of  the  biological  effect  of  cosmic 
radiation,  which  represents  a  highly  complex  and.  varied  problem,  requiring  the  in- 


202 


*  *  ■sMSf*4**1 


A 


volvcment  ef  the  aNt  variegated  investigation  methods i  physical,  general  elialeal, 
physiological,  biochemical,  microbiological,  iamunelogical,  genetic  etc. 

Of  great  importance  Is  the  study  ef  metaboliem  change  a.  It  la  important  to 
explain,  whether  alight  reversible  functional  ehangee  do  take  plaee  here  ar  are 
there  persltent  metabolism  displaeameata.  Tor  this  yarpese  was  selected  a  group  ef 
bleehemieal  indices,  which  sharaeteriae  the  fuaetieas  ef  the  liver  ,  endecrinal  and 
nerveus  system  which  uoderge  considerable  changes  at  greater  leads  against  the  or¬ 
ganism,  and  under  the  effect  ef  ionising  radiation  as  well* 


Jig.  U5.  first  travellers  into  eeanes  Syelka  and  Strelka 
_ after  returning  te  »rth* _ _ _ 

Oaring  a  number  ef  months  prior  to  flight  and  when  trained  to  endure  the 
effeets  of  individual  flight  factors  (acceleration,  vibration)  the  dogs  were  exam¬ 
ined  far  the  following  characteristics i  albumins  fraction  in  bleed  serum,  serum 
aueold,  cholinesterase  activity  ef  the  blood,  desaxycltldin  in  the  urine* 

▲  serious  task  was  the  examination  of  the  state  ef  the  cardio-vaseular  system 
ef  the  animals,  which  completed  the  cosmic  flight.  Brier  to  flight  the  animals  were 
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annatned  within  a  par  lad  af  several  nontks.The  examination  covered  arterial  and 
veftai  taaieltj,  Taaaular  reaction  and  raapaad  to  aoapresalen  •  aa  vail  aa  akin 
temperature*  If  tar  returning  ta  Sartk  tka  dags  war  a  again  anbjaotad  ta  thorough 
axanl nation  af  thair  aardle-vassular  syateas,  and  especially  tka  atata  af  tka 
paripkaral  vessels*  Xxaminatioas  af  Byelka  and  Stralka  daga  aftar  r a torn  ta  Sartk 
revealed  na  natioaabla  ehanges. 

1  study  of  tka  inaonologieal  reactivity  of  tka  experimental  daga  araatad 

tka  fallnwiag  inportaat  tank.  It  waa  necessary  ta  azplain,  wkatkar  tka  affaata  af 
eaaaie  radiation  and  atkar  flight  faetara  will  taring  abaat  a  depression  of  tka 
aatoral  naa-aaaaaptlbllity  to  niarabaa  and  develepasnt  af  infectious  diaaaaaa  aa 
raanlt  af  it.  Thia  ia  tka  nora  ao  important,  ainaa  tka  futara  eeanenaut  will  kawa 
ta  ranain  far  a  laagar  pariad  af  tiaa  in  eonfinad  quarters  of  a  eoanie  skip* 

Stralka  and  %alka  war  a  anudned  prior  ant  aftar  tka  fllgkt  to  diagMee  tka  pha» 
•••rtia  and  baatarieldid  fuaatioaa  of  tka  blood,  and  tka  baatarieidie  prapartiaa 
and  natural  nieraflara  of  tka  akin*  Tkaaa  examinations  an  lartk  vara  alao  aarriad 
eat  whan  tka  doga  ware  under  tka  affaat  af  accaleratlooa  and  vibrations* 

far  all  areuad  study  af  various  functional  akangaa*  eceurrlng  In  tka  living  ar- 
ganlan  at  tka  tins  ef  fllgkt*  it  is  desired  to  gain  data  on  a  possibly  larger  number 
af  aalaale*  In  tkaaa  tasks  in  addition  ta  tka  dogs,  two  whits  rats  and  ados  vara 
used* 

fks  study  of  rats  began  several  aoatks  prior  to  tka  fligkt.  kith  tka  aid  af  a 
conditional  raflaz  nstkad  was  invest igs tad  tka  kigkar  nervous  nativity  af  tkaaa 
aniaala*  tka  tpolegleal  ahnraotsristias  have  boon  determined,  bland  analysis  was 
nada  and  an  eleetrosardle^an  was  taken* 

Uraady  tka  first  examination*  after  returning  ta  lartk  kave  skavn  *  tkat  tka  rats, 
as  wall  aa  tka  dags,  kave  wall  endared  tka  flight.  During  tka  fllgkt  *key  fad  wall 
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on  the  nutrients  stored  in  the  feed  hexes  •  1  theroofh  inspection  of  the  rets 
rereeled  no  scratches  er  contusions*  The  aninals  lost  ns  weight*  they  vers  ncrnally 
active* 

The  program  of  biological  inTsstlcstions  on  the  second  ship-satellite  was  also 
based  en  the  nee  ef  microbiological  and  eytolefleai  investigation  methods. These 
act hade  allev  to  solve  effectively  each  important  problems*  as  determination  ef 
specific  tine  intervals  living  sells  earn  ramie  in  eesadc  space*  their  growth  and 
development  tinder  such  conditions.  They  are  also  applicable  in  studying  tbs  geaetle 
effect  ef  cosmic  space  factors*  especially  the  factor  ef  casnie  radiations* 

The  characteristic  ef  genetic  effect  ef  these  radiations  should  be  manifold* 
that  is  why*  in  addition  to  using  aninals  (  s*g*  rodents*  insects  etc)*  it  is  also 
posdLble  to  use  mierecrgulans  and  living  sells  sf  hnnan  body  in  tissuo  culture* 

These  and  others  possess  certain  advantages  in  connection  with  the  greater  rate  of 
nultiplieatien  and  corresponding  rapid  change  in  generations*  further  acre*  a  study 
of  changes  in  the  properties  of  nieroergsnisas*  especially  such  constant  *satellites* 
of  huaanst  as  intestinal  bacillus  and  staphylococci*  is  highly  important  in  ostia  - 
atlng  their  behavior  in  the  organic®  of  future  cosmonauts* 

In  aodorn  genetic  investigations  in  the  role  of  object  special  ^eat  attention, 
is  attracted  by  bacteriophages  -  ultraaieroscopie  agents*  parasitising  on  bacteria 
and  entering  with  same  into  eoaplez  genetic  relationships*  Ihrtieularly  sensitive 
indicators  of  genetic  effeot  of  radiation  are  the  so-called  lysogenic  bacteria* 
which  upon  irradiation  are  capable  of  producing  bacteriophages*  Of  fbaillar  in¬ 
terest  is  also  tha  study  of  the  offset  on  growth  and  developaeat  ef  such  living 
cells  ef  accelerations*  veightlsasasss*  vibration  ste* 

In  e  oaf  oral  ty  vith  these  deliberations  on  the  second  ship-satellite  were  placed 
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nriotti  microbiological  and  eytologival  objects,  T hoy  vara  especially  prepared  for 
this  experiment*  whereby  the  selection  of  these  objaota  vaa  guided  by  an  effort 
to  aalaet  organisms*  widely  uaad  in  labsratoriaa  of  the  vbola  world  for  tka 
parpoaa  of  obtaining  eocparatiTo  results*  In  tka  lumber  of  objects  vara  inoladad 
intaatinal  bacilli  cult uraa  KK-12*  for  vkiek  tka  baaie  origin  vara,  vail  known 

to  microbiologists*  bacteria  with  tka  most  clearly  axprasaoel  genetic  o bar sc tor is tie* 
Tbia  allova  to  make  a  quantitative  determination  of  the  degree  of  genetio 
c  bangs  a  and  to  compare  thaoa  values  with  the  level  af  radiation  and  guilty  of  coo- 
ale  particles*  registered  on  board  the  ahlp-aatelllte  b y  physical  instruments. 

Through  long  and  thorough  examination  of  the  returned  cultures  it  vill  bo  poo- 
aible  to  reveal  the  degree  of  ebangaa  in  the  nunber  of  so-called  induced  nutations* 
i.e.  pathological  in  a  najoority  of  instances  changes  in  hereditary  properties. 
Furthermore*  there  ia  tka  poaalbility  of  invaatigating  those  cultures  for  tka  pur* 
pose  of  establishing  tka  affect  of  radiation  on  the  nunber  of  bacteriophages  produced 
by  tkoai  • 

The  varieties  of  inteasitiaal  bacilli  B  and  * ae r agenesis* ,  used  in  the  exper¬ 
iment*  also  appear  to  be  objects  for  studying  nutation  frequency* 

To  investigate  the  genetic  changes  in  the  aoet  niante  living  substanoes  -bea¬ 
ter  iopkage  a  (  the  T-2  stanen  vas  used. 

Besides  the  T-2  vas  also  used  the  bacteriophage  stanen  13-21*  specifically 
affecting  the  intestinal  baclllas  of  tko  "serogenesis*  typo  *  It  vaa  lntsnAed 

far  studying  tka  changes  in  tka  nature  of  lysis  (dleeolvenent  af  bacteria*  vkiek 
tajfas  plaeo  in  presence  of  bacteriophages  )• 

This  process  for  the  phage  13-21  system  -  intestinal  bacillus  * ear agenesis* 
vas  documented  for  tko  first  tine  by  oaytr  spheric  Mar  ©photographing  and  else  tree 
microscopy. 
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With  respect  to  all  the  mentioned  orgMlsms  mi  f ivst  obtained  a  detailed 
struetural-physiologieal  characteristic  vitk  the  aid  of  tke  neve  at  methods*  Partic¬ 
ularly*  inteetiaal  bacilli  and  staphylsceeei*  whick  have  alao  been  ezpoeed  on  tke 
ship-satcllits*  were  investigated  under  an  electron  aiereeeope  partially  vitk  tke 
aid  of  tke  oltratkin  adcroacopid  aeetioa  routine* 

As  to  tke  oily-acid  fernentatien  nierobes  used  in  tke  experiment*  they  vare  in* 
tended  enly  for  tke  development  ef  automatic  registretieu  natkeds  for  tke  vital 
activities  ef  mioroorgaslana,  The  developannt  ef  suck  metkeds  offers  tke  possibility 
ef  determining  tke  life  span  ef  oella  on  long  flying  and  non-returning  satellites 
and  reokets*  Ike  testing  of  oily-acid  fernentatien  bacilli  has  been  perfectly  Jus¬ 
tified  in  tkis  respect* 

On  that  basis  vere  developed  an  approved  methods  and  special  instruments  - 
bioeleoauvts*  which  make  it  possible  to  record  and  transmit  to  lerth  slpmls*ckar- 
aoter ising  tke  viability  and  phyaiologiaal  performances  of  the  smallest  living  sub¬ 
stances  -  bacteria  for  any  length  ef  time  ef  rocket  flight* 

Bieolaments  after  any  exposure  in  flight  can  be  activated  by  signals  from  Sartk 
or  by  a  pr  ogre  Ming  devise  on  board  the  skip* 

On  the  second  ship-satellite  an  effort  vas  also  made  to  use  for  genetic  char¬ 
acterisation  of  cosmic  apace  living  cells  in  tissue  cultures*  Zt  is  known*  that 
heredity  in  such  cells  subjected  to  tke  effect  ef  radiation  changes  a  hundred  times 
easier*  than  in  microbes*  But  to  preserve  their  vitality  far  longer  periods  of  time 
vltkeut  reseeding  into  nev  media  is  very  difficulty  carry  out  auok  an  experiment 

it  was  necessary  to  select  veil  growing  cells  and  suitable  nutritious  madia  for 

this 

same*  Tkklag  into  consideration  A  fact  on  the  ehlp-eatellite  were  ueed 
eaaeeroue  cells*  conditionally  eallad  Hell's  eells*Thaat  cells  thrivs  wall  on 
nrtifieinl  media  and  art  widely  ueed  for  etudying  genetic  problems  sad  far  studying 


207 


the  of  eONTi  Tor  the  cultivat*  en  of  such  cell s  was  employed  •  net  hod, 

enabling  to  obtain  columns  (accumlatiomo)  of  cells  an  the  well  of  glee*  toot  tabes 
in  which  germination  is  carried  eat* 

It  was  established  during  previous  tests  that  the  eolumas  of  censor  cells  ad* 
hare  to  the  walls  of  glass  test  tubss  and  ampoules  with  saeh  a  persistency,  that 
they  withstand  vibrations,  by  aueh  exceeding  the  ones,  which  take  place  during  the 
blasting  off  of  modern  rockets*  This  offers  the  possibility  during  the  processing 
of  data  to  give  a  nerphslege*biological  characteristic  of  the  cultures,  a  part  of 
the  development  cycle  of  which  took  place  in  a  specially  constructed  smell  therms 
stat  cm  board  the  ship-satellite* 

Cm  beard  the  ship-satellite  wore  also  exposed  small  sections  of  human  and 
rabbit  skim  for  the  purpose  of  explaining  the  possible  effect  of  cosmic  space  fac* 
tors  cm  the  particularly  sensitive  cellular  systems* 

In  cor  time  biological,  as  well  as  genctie,  investigations  have  been  carried  oat 
in  close  cooperation  with  physloo-chemical  investigations*  In  particular,  in  the 
last  decades  it  was  shown  that  chemical  substances  can  participate  in  the  transfer 
of  hereditary  symptoms  from  sms  variety  to  another*  Such  a  chemical  substance  is 
doscxyriboaucloinic  asid  (UK),  included  in  the  ecopooltiem  of  nuclei  of  animal 
cells,  plants  and  microbes*  It  is  highly  probable  that  this  compound  will  first 
react  to  genetic  effects  of  cosmic  radiation,  lhking  this  under  consideration,  on 
the  ship-satellite  were  placed  aapeules  with  doscxyriboaueleinic  acid,  obtained 
from  the  goiter  gland  of  a  calf,  with  part  of  the  ampoules  filled  with  oxygen* 

In  this  way,  on  board  the  ship-satellite  was  carried  cut  a  series  of  purposeful 
experiments  on  animals  cells,  microorganisms,  bacteriophages  and  complex  -u'ganie 
molecules  in  order  to  do  everything  possible  for  solving  the  problem  of  viability 
of  cells  and  radiogenetic  safety  in  cosmic  space* 


In  addition  to  problems  of  explaining  tho  effoet  of  cosmic  flight  factors, 
first  of  all  cosmic  radiation,  on  the  physiology  of  roganlsms,  foundations  were 
laid  far  tho  study  of  ths  offset  of  those  footers  on  heredity,  and  for  solving  the 
problem  concerning  genetic  danger  of  cosmic  flights* 

Numerous  investigations  by  Soviet  and  foreign  scientists  established,  that  such 
types  of  ionising  radiations  ,  as  x-rays,  guana  Rays,  fast  neutrons  and  certain 
other,  represent  a  powerful  source  of  hereditary  changes  in  all  ergsnisns,  including 
that  of  nan* 

Kxperiaents  in  the  banbardnent  of  human  tissues  with  x-rays  showed,  that  a 
dosage  of  10  Roentgens  doubles  ths  frequency  in  the  origination  of  stations.  It 
wets  explained  that  various  types  of  ionising  radiations  have  different  biological 
effectiveness.  Tor  caaaple,  fast  neutrons  cause  on o  and  one  half  to  two  times  more 
stations  than  x-  or  guns  rays.  The  genetic  effect  of  primary  eosmio  radiation 
could  no  be  investigated  until  now*  The  flight  of  the  second  coanie  ship- satellite 
has,  finally  created  the  possibility  for  sush  an  investigation. 

In  spite  of  ths  foot  that  a  predominant  number  of  stations  is  harmful,  sos 
of  these  under  speoifie  conditions  of  the  medium  can  be  useful  for  viewing.  Such 
useful  stations  play  an  important  role  in  the  evolution  of  organic  world  and  in 
the  ereation  of  new  highly  productive  stamens  of  microerganiss  and  types  of  cul¬ 
ture  plaats»Radioeo lection  of  mlereorgaaiss  and  plants  in  recent  years  becomes  me 
of  the  tasks  of  selectlcners.  Therefore, in  addition  to  explaining  ths  genetic  hasard 
of  coanie  radiation,  it  is  necessary  to  explain  also  the  possibility  of  using  sas 
for  radio-seleetioa  purposes. 

On  the  ship-satellite  were  situated  the  following  kinds  of  crgmlww,  intended 
for  first  line  genetic  investigational  nice  of  two  different  lineages,  asll  fruit 
flien-trushes  also  of  two  different  linos,  two  trad  eocene  is  plants,  wheat  seed  type 
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186,  M«d*  of  throe  types  of  pool,  differing  in  radio  stability,  two  typos  of  corn 

-  •Nenohinovak*  and  aJBSCCWa*  baton  and  nigsll  onions,  aetlno^oete  fungi  -  producers 
of  antibiotics* 

What  explains  tbs  solotion  of  snob  objects  for  first  gonstlo  investigations* 
eonnsetod  with  coesdc  flight  t 

MLoo  and  tbrnsbss  ’ey  virtue  of  a  nuabor  of  biologleal  characteristics 

-  high  rate  of  anltiplisation  and  change  in  generations*  easiness  of  their  brooding 
and  because  of  tbe  enerasus  -variety  of  their  features*  tbs  heredity  of  whieb  has 
boon  well  investigated,  aro  highly  suitable  for  genetic  investigations  •  Mies  spend¬ 
ing  sons  tins  in  tbe  eosaso  should  bo  subjected  to  thorough  oytologioal  analysis 

for  tbe  purpose  of  explaining  tbe  changes,  which  night  have  taken  plaee  in  sells  of 
various  tissues  under  the  offset  of  eoanle  rays*  first  of  all  it  is  necessary  to  aafca 
a  thorough  aaaalaatioa  of  tbs  state  of  tbe  ehronesonie  apparatus  of  blood  producing 
organs* 

As  nontienod  above*  in  tbe  flight  participated  two  kinds  of  thrushes  (flies) 

One  of  these  -  line  IV. 32  -  is  distinguished  by  very  lew  notability  under  natural 
conditions  *  the  second  -  line  B-li  -  on  tbe  contrary*  distinguished  by  very  high 
natural  notability* 

The  trade sea so la  plant  -  classical  object  of  oytologioal  investigations  ,sinoe 
it  poses  sacs  a  aaall  aaaber  of  well  distinguishable  between  each  other  0  hr  ones  men* 

In  the  a  nine  1  cabin  were  especially  placed  plants  with  buds*  because  chronoecaie 
trensfomatleas  in  tradosc ancle  can  be  best  observed  in  tbe  eells  being  produced 
during  the  foraatlon  of  pollen* 

Dry  seeds  of  culture  plants  -  what,  oorn*  peas  -  wore  used  for  the  purpose  of 
learning  whether  eoanle  radiation  causes  any  kind  of  changes  (natations)  in  various 
types  and  kinds  of  plants* 
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At  to  onion*  and  aigollas,  they  nr*  used  basically  for  cytologic* 1  investigations. 
Ionising  radiation  ia  widely  used  for  tha  obtainnant  of  now,  nor*  productive 
stamens  of  actliemyoctss,  offering  aueh  valuable  antibiotic*,  aa  penicillin,  atrepto- 
agroin  and  others.  On  tha  ceeadc  ahip  were  placed  two  atanana  of  fungi  -  producer* 
of  penicillin  ,  highly  diatingaiahable  in  radioactivity.  Investigation  of  result* 
of  than  heing  irradiated  in  coaaaa  will  allow  to  aolve  the  problem  of  biological 
effeotivonesa  of  eoamic  radiation*  with  respect  to  the  given,  very  important  object  • 
It  should  be  pointed  out,  that  each  one  of  the  enumerated  genetic  experiments 
is  aeeenpaniei  by  strict  control  experiments  with  very  seam  objects  under  normal 
condition*  for  same.  This  gave  aa  objective  evaluation  of  goaetio  investigation 
rosults. 

Learning  the  laws  of  heredity  and  controlling  same  -  one  of  the  important"  prob* 
lens  cf  modern  uttural  sciences.  The  entry  of  nan  into  cosmos  heralds  tha  beginning 
of  a  new  ehaptor  in  tha  development  of  geaetles  ,  a  chapter,  devoted  to  learning  the 
laws  governing  tha  effect  of  cosmic  flight  factors  on  heredity  and  evolution,  dovolr 
epanat  of  methods  for  protecting  against  the  garmful  effects  of  these  factors  and 
utilization  of  their  positive  effects,  Qeaetlc  investigations  on  the  second  ship* 
satellite  are  only  the  first  steps  in  that  direction. 

In  the  plan  of  long  lasting  future  flights  comes  up  the  aoute  problom  of  gener¬ 
ating  air  in  hometically  sealed  oabias  and  provide  food  for  ship  crew.  Already  aim, 
pie  ealeulatioa*  show,  that  the  use  for  such  purposes  of  chemical  reagents  and  food 
supplies,  taken  on  the  Perth,  would  lead  to  a  very  high  initial  weight  of  the  ship, 
because  the  roageats  and  food  taken  from  the  Perth  will  not  be  reproduced  along  the 
flight.  In  this  connection  within  the  scale  of  our  entire  planet  such  process**  as 
carbon  dioxide  absorption,  generation  of  eocygsa  and  synthesis  of  complex  organic 
substances  from  completely  oxidized  ones  are  realised  in  leaves  of  gross  plants  as 
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result  of  photosynthesis  • 

Hants  e  hypothesis  cams  into  being  that  It  le  aeoeseary  to  ereete  on  cosmic 
ships  fer  purposes  of  regenerating  air  and  derivation  of  food  so  ealled  hot  houses 
of  green  plants*  which  absorbing  the  ear  ben  dioxide  discharged  by  the  living  er¬ 
gs  aim,  voe'i.2  produce  food  and  generate  say  gen.  Nest  suitable  for  sueh  purposes  ere 
niereoeopie  gre on  algae*  which  develop  very  rapidly,  ere  distinguished  by  greeter 
photosynthesis  activities  and  a  number  of  ether  valuable  Qualities* 

These  considerations  established  the  need  for  studying  the  of foot  ef  coaaie 
flight  conditions  on  the  preservation  of  vital  functions  ef  green  algae*  Chlorella 
situated  on  beard  the  ship  was  planed  in  special  ampoules  in  different  phyaiologloal 
state i  on  diagonal  agar  and  in  a  Liquid  nutritious  medium  and  different  suspension 
density*  The  algae  were  then  exposed  to  light  and  darkness  as  well* 

Scientific  investigations  on  eesmie  Ship* 

When  studying  cosmic  rays  a  very  important  problem  is  the  quantitative  ratio 
of  various  nuclei  groups  in  primary  eesmie  radiation* 

Presently  there  are  no  exact  data  on  the  ratio  of  nuclear  stream  of  nuclei 
belonging  to  the  carbon*  nitrogen*  oxygen  group  to  the  stream  ef  anolei  belonging 
to  the  lithium*  beryllium*  heron  groups  (most  interesting  from  the  viewpoint  ef 
origination  of  eoealo  rays)*  Because  ef  this  it  appears  to  be  impossible  to  make 
a  final  eonelusien  about  a  specific  mechanism  of  regeneration  of  nuclei  during  the 
movement  of  acoeleCated  particles  in  interstellar  space*  To  obtain  new  data  in  this 
field*  it  is  necessary  to  know  the  magnitude  of  the  retie  ef  streams  ef  above  man- 
tienad  nuclear  groups  with  greater  accuracy* 

The  aeeond  eoealc  ship  serried  an  apparatus  *  with  the  aid  of  which  it  is  pos¬ 
sible  to  obtain  date  on  the  conceit  ion  of  eocale  rays  in  the  onelear  interval  ef 
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from  helium  to  oxygen*  For  this  purpose  wore  used  Ohere ok**  eooiputers,  eontr oiled  bp 
•  toleseopid  device  made  up  of  halcpea  gas  discharge  counters  • 

When  sosmie  redietion  pert  teles  pass  threap  the  instrument  in  the  given  solid 
angle  was  activated  a  coincidence  circuit,  the  paisa  in  which  opened  the  channel 
of  phet e-multiplier*  From  the  eolleetor  of  phetoOnultiplier  was  taken  down  the  signal, 
originating  when  a  nucleus  flies  throagh  it*  The  amplitude  of  the  pulse  at  the  out¬ 
put  of  the  Cherenkov  counter  is  proportional  to  the  square  of  tie  nuclear  diseharge* 
with  the  aid  of  a  special  device  aigula  of  various  amplitudes  have  been  converted 
into  sigasls  of  corresponding  duration,  on  which  were  superimposed  signals  from  a 
standard  generator*  The  number  of  pulses,  filling  up  each  one  of  the  signals,  was 
confuted  bp  a  confuting  spstem  and  transmitter  to  the  telemetering  spstan* 

Parallel  with  the  measurenents  of  the  mentioned  groups  of  nuclei  were  Measured 
the  streams  of  mash  heavier  partielea*  With  an  integral  Cherenkov  computer  were 
measured  streams  of  nuclei  with  a  charge  of  more  than  5,  15  and  30* 

Flight  of  the  second  coanle  ship  and  its  return  to  Barth  allowed  to  Sbtain  in 
cosmic  space  photos  of  those  processes,  which  took  plaee  in  microcosm*  For  this 
purpose  were  used  so-called  nuclear  pheteemalsloas*  Flying  through  these  eanlsions, 
particles  of  eesalo  rays  ezper lease  collisions  with  atonic  nuelel*  As  result  of  the 
collisions  there  is  not  only  disintegration  of  the  atonic  anelei  but  also  new  part¬ 
icles  eoaw  into  being*  The  originated  partieles  also  experience  a  number  of  conver¬ 
sions*  In  the  emulsion  take  place  new  nets  of  reaction  of  particles,  created  as 
result  of  first  collision,  with  the  atonic  nuclei  of  the  substance* 

With  the  aid  of  nuclear  phstoenulsioas  is  possible  to  obtain  sufficiently 
detailed  photos  of  these  pheuomona»Studying  the  photoenulsloas  under  a  microscope 
it  is  possible  to  reproduce  a  picture  of  the  processes,  having  taken  place  within 
billionth  fractions  of  a  second* 


213 


It  it  kawii  that  the  float  accelerators  constructed  ea  Barth*  offer  the  pos¬ 
sibility  of  obtaiaihf  per  tie  lea  with  an  energy  below  specif  ie  liait*  la  eoaale  rays 
ore  eaeouatered  particles  with  an  energy  *111 isos  of  tiaoo  greeter  thaa  that.  Th* 
cerryiM^f  aaeleor  phetoeaalsieas  iato  eoaale  spoee  will  allow  for  on  effective  use 
of  thle  fftnnt  accelerator  existing  la  nature* 

On  the  second  eoaale  shfp  were  placed  several  blooks  of  thleklayer  phetoeml- 
siens*  with  direet  develojaeat  of  phsto— tlsion  in  one  of  these  on  board  the  ship* 
Development  of  phateeaalsioa  on  beard  ship  after  a  given  tiae  of  exp Caere  (of  the 
aagaitude  of  10  hrs)  allows  nore  reliably  to  separate  cut  traces  of  individual 
nuclei  against  a  general  background  of  eoaale  radiation* 

Tha  autonomous  programing  device  of  the  phot  oenuls  ion  bloek  after  expif  ration 
of  a  given  tins  issues  a  eanaand*  by  which  the  piston  situated  in  the  Interior  of 
the  cylinder  separates  the  exposed  lawyers  aad  simultaneously  introduces  into  the 
working  volume  the  developer  solution*  The  developing  lasts  90  minutes*  after  which 
the  developer  is  removed  by  the  return  movement  of  the  pi»tca*  Then  follows  a  coat* 
oand  for  aecondary  separation  of  layers  aad  introduction  of  preaervlag  solution* 

In  the  preserving  solution  the  layers  eon  be  stored  for  several  moths*  all  the  wy 
to  tha  beginning  of  final  photo  layer  processing*  luring  the  processing  can  bo  in¬ 
vestigated  traces  of  relativistic  nuclei  of  first  eoaale  radiation  aad  data  are 
obtained  on  the  fuanvitatlve  ratio  of  stream  of  various  groups  of  nuclei* 

la  addition  to  the  described  photeosulaion  block*  on  board  the  cosed  c  ship  wore 
also  placed  three  aore  bleaks*  charged  with  a  thick  layer  nuclear  csnlslca*  which 
doee  net  develop  in  flight* 

The  IX-2  bloek*  intended  for  registration  of  elemntary  processes  of  nuclear 
reaction  of  high  energy  part  idea  (  in  the  area  of  lO^2  ev  and  over  )*  had  an 
emlsloa  pile*  coupoecd  of  may  layers  of  nuclear  phetoeaulsloa  with  a  dimension 


214 


of  10  x  10  on*  The  thickness  of  each  layer  wee  400/*'.  Between  the  eaulsion  layers 
were  placed  thin,  of  magnitude  of  1  ant  •targets*  made  of  a  light  substance* 

The  presence  In  nuclear  esuleioa  of  silver  and  bromine  atcas  and  the  arranged 
•targets*  offer  the  possibility  of  registering  the  ease  of  reaction  of  high  energy 
aaeleoas  with  heavy  aaulsion  nuclei  and  with  light  'target*  nuclei  as  well* 

The  high  energy  particles  (neutralSt-mesons)  generated  during  acts  of  nuclear 
reaction  give  rise  to  photon  showers,  for  the  registratlen  of  which  a 

special  deteeter  was  placed  in  the  FK-2  black*  this  detectcr  was  plaeed  under  the 
eaulsion  pile*  This  detector  consisted  of  seven  lead  plates  5  an  in  thickness  each 
(which  corresponds  to  one  cascade  unit  of  length)*  Between  the  lead  plates  were 
situated  nuelear  eaulsion  and  luaiuescent  indicators  of  showers,  thus  facilitating 
the  detection  of  concrete  reaction  acts* 

Analysis  of  else tr on-photon  shower  instances,  registered  in  nuclear  eaulsion, 
gives  a  certain  fuantitative  characteristic  of  sane,  and  about  the  energy,  iaparted 
during  reactions  to  Hansons,  The  knowledge  of  that  energy,  as  well  as  an  analysis 
of  corresponding  aehievanents,  registered  in  the  — ulsien  pile,  offer  the  possibility 
of  determining  the  individual  parameters  of  the  given  nuclear  reaction* 

A  comparison  of  obtained  quantitative  characteristics  for  actJ  of  reaction  of 
primary  cosmic  radiation  particles  with  light  and  heavy  nuclei  will  allow  to  explain 
the  specificity  and  offer  certain  conclusions  on  the  nechamlnu  of  this  reaction* 

Of  special  interest  is  the  Job  of  explaining  the  reaction  nature  of  high  energy 
aultleharge  particles  ,  the  study  of  which  was  impossible  under  ground  conditions* 

To  investigate  multichsrge  particles  in  the  composition  of  primary  cosmic  radiation 
the  ship  was  equipped  with  F-l  and  7-2  phetoanulslon  bleoks*  7-1  and  7-2  blacks 
represented  aaadsioa  piles  with  a  volume  of  0*8  liters  each* 
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One  of  the  nierophotos  of  e  typical  nuclear  reaction*  recorded  in  the  eamlsion* 


placed  on  board  the  cosmic  ship»aatellile*  is  shewn  in  fig*l66  • 


The  presence  in  Interplanetary  apace  of  cosmic  rays  and  radiation  bands  of  the 
Barth  nay  in  aany  instances  present  a  real  danger  fodinter planetary  space  travellers* 
It  has  bean  proven  experimentally  in  recent  years*  that  scswtlass  originates  a 
temporary  Increase  In  cosn&e  ray  intensity*  connected*  awst  likely*  with  the  devel¬ 
opment  ef  solar  activity.  It  was  established*  that  at  the  moarnnt  of  cosmic  ray  eon* 
flagratlon  its  intensity  rises  theasands  of  tines. 

Laws  governing  the  tins  of  cosed e  ray  conflagration  cannot  be  established  ss 
far.  But  protection  agrtnst  solar  flare  ape  of  cosmic  radiation  is  an  absolutely 
rani  problou 

As  is  known*  near  the  Barth  exist  radiation  bands*  representing  senes  ef 
highly  intensive  radiation*  consisting  of  charged  particles*  trapped  in  a  trap* 
created  by  the  terrestrial  magnetic  field* 
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Investigations  carried  cat  sa  man-made  satellite*  aad  cosmic  rockets*  show* 
tkat  areud  tke  Bar*  tbsre  are  tvo  aoaaa  of  high  intensity  radiation*  Ike  eater 
radiation  zoo*  by  tk*  radiation  composition  eonsists  ef  elaetrona  ef  vide  energy 
spectrum  Ik*  stream  ef  else tr on*  in  every  direction  e oast its tea  10®  -  10*°  part¬ 
icles  per  1  cm?/ see. 

Sack  stream  of  eleetrons  is  eapabla  ef  creating  a  surface  desage  of  about  10® 
roentgens  per  hoar*  Bat  tke  eleetrons  of  tke  eater  radiation  sons  are  easily  absorb- 
ed,  and  already  under  tke  protection  of  1  g  ef  ligkt  substance  per  1  on?  of  surfaee 
the  radiation  dosage  in  tkat  zoos  vlll  constitute  only  tentks  ef  roentgens  per  br« 

Xzperiments,  carried  out  on  cosmic  rockets,  established,  that  the  boundary  and 
naTlacua  radiation  intensity  in  the  outer  zone  change  vith  tine*  This  creates  addi¬ 
tional  difficulties  in  considering  the  effect  of  radiation  during  cosmic  flights* 
Tkat  is  why  oaa  of  the  important  problems  is  positive  observation  ef  the  eater  sen* 
boundary  and  its  radiation  activity*  particularly  in  the  sons  ef  high  geomagnetic 
latitudes* 

mrtielss,  included  in  the  eompesitien  ef  inner  sene*  preferably  protons  with 
energy  of  up  to  10®  ev*  Observed  are  also  electrons*  the  energy  ef  vhieh  does  net 
•rosed  10®  ev*  Radiation  in  the  inner  sens  is  mere  rigid  than  in  the  outer*  A  dee  i 
Ogs  of  radiation  under  protection  of  1  g  light  substance  per  1  on?  of  surface  con¬ 
stitutes  hare  about  10  roentgens  per  krs  and  decreases  very  slowly  vith  insrssss 
in  protection* 

Protection  apiinst  radiation  in  that  zone  requires  the  uae  ef  n  greater  somber 
ef  substances*  Lcng  lasting  flights  in  ths  innsr  sons  vltbout  special  protectlsn 
are  connected  vith  c oaa id arable  radiation  baser d. 

In  thia  vay*  the  inatablllty  of  radiation  band  boundarlas  aad  aeeldantal  in- 
eranaoa  in  eea^La  radiation  activity  make  condo  radiation  ltvel  control  aad  n 
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drtailed  investigation  of  the  lower  boundaries  of  radiation  bands  a  highly  important 

and  actual  task* 

To  solve  these  problene  the  eeanle  ship  carried  a  deeiaetering  apparatus  (radio- 
aster  ),  The  eosponertts  of  the  radioaster  inclnde  two  gas  discharge  and  two  selntil- 
latien  counters*  One  of  the  gas  discharge  counters  is  placed  under  the  additional 
abeerhent  (screen)*  consisting  of  brass  and  iron*  The  scintillation  counter  with 
phetcaultlplicr  and  sodium  iod'te  crystal  were  placed  in  one  bleok  with  the  gas* 
discharge  counters*  The  second  scintillation  counter  with  photomultiplier  and  eesiua 
iodide  crystal  with  a  thickness  ef  2  an  were  sit  listed  on  the  outside.  So  that  the 
counter  should  not  be  affected  by  visible  light*  the  eesiua  iodide  crystal  was 
covered  with  an  aluminum  foil  Ijts  in  thickness* 

Qas  discharge  counters*  as  well  as  the  scintillation  counter  with  sodium  iod* 
ids  crystal  yield  information  about  the  number  ef  particles*  which  passed  through 
then*  At  the  same  tins  the  scintillation  counters  allows  to  estimate  total  ionis¬ 
ation,  caused  by  the  passing  particles* 

The  obtained  inforaatien  on  the  number  ef  passed  through  particles  and  total 
ionization,  caused  by  these  particles  in  the  crystals*  will  yield  quantitative  data 
on  the  level  (dosage)  of  cosmic  radiation* 

Study  ef  shortwave  radiation  is  ef  great  scientific  and  practical  importance* 

In  this  zone  of  the  spectrum  is  concentrated  the  basic  radiation  of  the  solar  ocaoaa 
and  ehrouasphere  -  vary  little  investigated  outer  shells  ef  the  Sun* 

This  radiation  causes  certain  important  proses  sea*  tekin  place  la  the  terres¬ 
trial  ataoephere*  especially  the  fanatien  ef  ieneephere* 

On  beard  the  co«dc  ship  were  mounted  two  types  of  lastruaents  far  studying 
shortwave  radiation  of  the  gun* 

In  the  apparatus  ef  first  type  ths  receiver  ef  shortwave  radiation  wee  an 
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open  type  electronic  mltiplier  with  electrodes  nd*  of  activated  berylliun  bronze. 

In  front  of  the  input  of  the  eleetronie  ailtiplier  (electron  aultiplier  tube)  wee 
plaoed  e  disk  with  e  aeleetien  of  Tarioea  filters  for  the  separation  of  corresponding 
nones  of  the  shortwave  solar  radiation  speetrun,  With  the  aid  of  a  relajr-ecenner 
neehanlna  the  disk  nade  a  snail  angle  torn  each  second,  shifting  a  new  filter  la 
front  of  the  electron  aultlpller  tuba*  The  fallowing  filters  have  been  ased 

in  the  apparatus i 

copper  foil  0*15  an  thick  to  separate  the  zone  of  the  spec  tram  fron  1*4  to 

3  t  i 

berylliun  foil  0,04  am  thiek  to  separate  spectral  sons  shorter  than  12  1  | 
aland  mm  foil  0,005  an  thiek  to  separate  spectral  sone  fron  8  to  20  %  | 
polystyrene  layer  with  thin  ear  hoc  layer  applied  on  it  to  separate  speetral 
senes  fTen  44  to  100  2  » 

llthian  finer  ids  plate  0*5  an  thick  to  separate  lines  with  wavelength  of 
1214  1  | 

caleiua  fluoride  plate  e«5  an  thiek,  which  considerably  weakens  radiation 
with  wavelength  of  1214  £  passing  through  it  and  allows  to  •  evaluate  the  background 
in  the  region  of  line  Lq  and  at  the  sane  tine  neasore  acre  accurately  the  radiation 
intensity  of  that  like  i 

«narts  crystal  plate  0,5  »  thiek,  to  separate  radiations  with  wavelength 
of  aero  than  1500  l  • 

The  last  filter  was  designated  aaialy  for  the  purpooe  of  calculating  the 

change  in  angle  of  incidence  of  radiation  on  the  filter  and  ree elver,  connected  with 

the  rotation  of  the  satellite  in  noaeriented  state.  The  apparatus  had  six  pickups 

their 

set  up  at  various  points  of  the  cooaic  ship  so  that  ^  fleldeef  vision  were  net 
saporinpeoed  ever  each  ether  This  offered  the  possibility  of  increasing  the  preb* 
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ability  of  tolar  radiation  fa  Iliac  on  the  pickups  at  any  orientation  of  the  eoaade 
ship  in  spaoc*  The  sensitivity  of  the  pickups  was  United  in  the  lone  wove  sane  of 
the  spectrwn*  so  as  to  redone  the  background  from  longwave  solar  radiation*  Signals 
from  the  pieknps  (receivers)  vent  into  a  radiotechnieal  circuit*  at  the  entint  of 
which  was  generated  a  voltage  *  proportional  to  the  radiation  intensity  of  the  radia¬ 
tion  falling  on  the  phstoeathode*  Mm  mar  ament  results  vers  than  transmitted  to  lerth 
by  a  telemetering  systcow 

The  outfit  Included  e  control  unit  vhieh  secured  the  conneetioa  of  the  correspond¬ 
ing  pickup*  mechanism  of  changing  filters  and  other  circuits  only  at  the  time*  when 
they  were  illuminated  by  the  Sun*  In  addition  there  wore  optical  sensing  elements 
to  determine  the  radiation  angle  of  incidence  on  the  filters* 

The  apparatus  af  second  type  was  designated  for  measuring  the  soft  x-ray  radiation 
intensity  of  the  corona  near  the  tip  of  the  speetrun*  preferably  at  the  time  of  the 
flaahes.In  this  appsratus  were  used  the  most  sensitive  radiation  receivers  -  phetea 
counters  for  the  given  none  of  the  spectrum*  representing  self-qfuenched  Geiger  coun¬ 
ters  with  input  windows  of  beryllium  foil*  serving  as  filter*  Measurements  were 
carries  out  in  two  spectral  senes  -  10  -  6  A  and  6  -  3  I*  fo  each  of  those  speotral 
soaes  corresponded  six  counters*  which  were  grouped  (bunched)  in  three  hleoks*  each 
one  having  two  counters  placed  under  right  angle  relative  te  each  other,  for  the 
first  and  two  counter  each  for  the  second  sons  of  the  spectrum* 

When  a  photon  penetrated  into  the  counter  anti  fell  in  the  gas*  filling  up  the 
counter*  a  short  electric  discharge  originated.  The  obtained  current  pulses  vent  in¬ 
to  a  radio  block*  In  the  radio  block  the  signal  became  amplified  and  went  into  the 
computing  system*  consisting  of  trigger  cells*  This  system  computed  the  number  of 
pulses*  having  passed  during  the  tins  of  exposure*  A  corresponding  number  in  the 
double  computation  system  was  recorded  on  an  autonomous  memory  device*  vhieh  stored 
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all  recordings  for  o  period  of  24  hours  up  to  the  monoat  of  their  transmission  to 
Xorth  over  the  telemetering  system.  Xxposure  time  was  180  see*  which  warranted  re*«» 
istratiea  ef  x-ray  radiations  of  the  San  with  sufficient  tine  resolution  • 

To  protect  the  input  windows  ef  the  counters  against  x-ray  radiation*  origin¬ 
ating  during  the  boabardasnt  ef  these  windows  (as  well  as  parts  of  the  egaipmsnt 
surrounding  seam  )  by  fast  electrons*  existing  in  the  radiation  hands  of  the  larth* 
a  system  ef  magnets  and  d  laphra^m  has  been  provided  and  placed  in  front  of  eaeh 
counter*  The  magnets  deflected  aside  all  electrons  with  energy  not  exceeding 
15  -  25  thousand  or.  To  register  the  background*  produced  by  higher  energy  else  - 
trens*  on  the  outer  shell  was  placed  an  electron  scintillation  counter* 

Data  obtained  with  the  aid  ef  the  described  arrangement,  data  about  changes  in 
solar  activities  in  the  shortwave  none  of  the  spectrum  were  compared  with  data  ef 
ground  observations  ef  the  .  ionosphere*  visible  by  chromospheric  flashes  and 

other  phenomena*  connected  with  the  activity  of  the  Shn  to  reveal  correlation 
between  the  processes*  taking  plaee  in  the  outer  she  I  Is  of  the  flan  and  in  the 
terrestrial  atmssphere, 

further  Launshings  of  flhips-Satellltes  in  the  USSR 
After  successful  flight  ef  the  second  Soviet  ship- satellite  in  cenfcrmity  with 
the  plan  ef  operations  eonneetsd  with  the  study  ef  eesnle  space  the  Soviets  lsu ached 
three  mere  commie  ships  lifting  same  up  into  orbit  of  man  made  larth  satellites* 

The  basic  mlselen  ef  these  lamnohiaga  was  further  development  of  ship-satellite 
construction  and  developawat  of  its  basic  systcau*  securing  flight  and  descent  ef 
the  ship*  with  the  purpeee  ef  readying  for  man's  cosmic  flight* 

The  launching  of  the  third  Soviet  shiy-satcllits  was  executed  on  OeemUbcr  1* 
1940*  Zt  weight  mians  the  last  stags  of  carrier  rocket  was  exactly  4543  hg*  Altitude 
or  orbital  perigee  was  187*3  ha*  altitude  of  apogee  -  245  h»*  period  of  rotation  - 
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•  89*6  aim* 

To  tarry  out  madieal-biolegieal  investigations  under  a auditions  of  cosmic 
flight  the  cabin  of  Um  ship  holt  experimental  aniaolo  -  Aaga  fthelka  ant  Mishka, 
ao  wall  as  other  animals,  insects  ant  plants,  ObaarTstion  af  the  aniaala  during 
flight  was  etrriag  out  with  tha  aid  af  a  radio- television  sat  up  ant  telemetering 
sjriha.  Tht  radio  transmit  tar  *SIOUL*  inatallad  an  board  ship  fuse  ti  past  am  a 
fro qua 0*7  of  19.995  ■»  in  talagraph  style. 

Around  1200  hrs  Moscow  tint  on  December  2.  i960,  tha  ship-aatallita  aontinmad 
in  its  orbital  jour nay. 

■ Jr  that  tint  all  tht  toots  intsndsd  by  tha  program  of  tasting  tha  construction 
of  tha  ship  and  its  airbarna  equipment,  aa  vail  aa  tha  mod iaa 1-bio logical  investiga¬ 
tions,  have  beam  fully  eoaplatad.  idditonal  data  hava  boom  attained  on  structural 
and  functional  reliability  of  tha  individual  units  and  systems  of  tha  ship  in  flight, 
Tha  rasults  af  proosssing  tha  talaaataring  and  TT-inf  emotion,  obtained  from 
tha  ship-aatallita,  shawod,  that  tha  dogs,  just  as  during  tha  prsvioad  flight,  have 
wall  endured  tha  parted  of  orbiting.  Tha  basic  physiological  eharaetsristies,oh ar- 
aetarinlng  tha  condition  of  tha  oxparimcatal  aniaala,  daring  their  many  hours  of  stay 
under  vaightlassasss  conditions  vara  close  to  ordinary  values.  Tha  behavior  of  the 
animals  was  calm,  and  thsir  movements  -  coordinated. 

After  obtaining  tha  aocsssory  data  a  eoamaad  was  issued  for  tha  descent  of  the 
ship-stallite  back  to  larth.  In  view  of  tha  fust  that  tha  da  so  ant  took  plaoo  along 
a  nem-ea  Isolated  trajectory,  tha  ship-aatallita  ceased  its  axis  tone  a  upon  entry  in* 
to  tha  danse  layers  of  tha  atmosphere. 

launching  of  tha  fourth  ship-aatallita  was  realised  aa  March  9,  1961.  Its  voight 
vas  exaetly  4700  kg.  Tha  ship  was  brought  into  orbit  vith  a  perigee  altitude  af 
189,5  hm  and  apogee  altitude  of  248,8  km.  Inclination  of  orbit  to  tha  plana  of 
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equator  was  64 °34** 

Tib*  ship-satellite  e*rri*d  an  experimental  animal  in  It*  cabin  -  dog  Gharnoshka 
•ad  other  objects  of  biological  experimentation* 

Th*  *ntir*  board  cquipawnt  of  tha  ship  funatlonod  vail  securing  the  fulfillment 
of  th*  giToa  flight  program.  Th*  oaparation  of  th*  ahip  from  the  last  stag*  of 
aarriar-roekat.  eut-ia  of  orientation  ays tarn,  eonnaotioa  of  autaaatio  dariaoa  along 
tha  daoaanding  aaatioa  vara  realised  exactly  at  apaoifie  time  pariada.  Th*  tem¬ 
perature  aoatrol  system  aaintainad  aomataat  temperature  in  th*  eabin  -  within  lim¬ 
it*  of  ♦(14  -  20)°0*  Bimldity  of  air  on  tha  eabin  waa  37-402*  and  praaaura  740-770 
am  Hg*  Charnaahka  fait  normal  daxing  tha  entire  duration  of  flight.  Tmnadlataly 
after  raaahiag  orbit  her  polaa  was  120*  and  raapiratian  frequency  30  -  40. 

After  oomplating  tha  investigations  mentioned  in  tha  program  tha  ahip  was 
brought  down  am  th*  vary  asms  day  and  landed  in  a  specific  region* 

On  Naroh  23*  1941  tha  fifth  Soviet  ship-satellite  was  hoisted  into  arbit*Tho 
weight  of  th*  ship  was  4493  leg  minus  tha  weight  of  th*  last  stage  of  th*  carrier* 
roekat*  Tha  orbital  parameters  wore  elosa  to  enlonlntodi  altitude  of  perigee  178.1 
km*  altitnda  af  apogee  247  km*  period  of  rotation  88*42  min* 

Th*  ship-ntellit*  earriad  in  its  eabin  tha  dog  Zvesdaehkn  and  other  biologioal 
abject*.  Tha  aatir*  board  equipment  of  tha  ahip  fnnetienad  wall  during  th*  flight* 
After  completing  th*  flight  program  th*  ship-satellite  upon  ommmnd  from  th*  Xorth 
was  brought  back  from  orbit  and  landed  at  a  designated  point  of  th*  US£R. 

Oaring  th*  launching  of  shipo-aatollitos  on  Jfareh  9  and  25.  1941,  the  pilots 
coats  wore  occupied  by  manikins.  Tha  flights  war*  carried  mat  in  accordance  with 
the  very  asms  prelum*  vhloh  wet  earmarked  for  th*  first  flight  of  a  ship  with  a 
cosmonaut  on  board*  loth  flights*  which  followed  strictly  according  to  progrmn* 
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gSTe  proof  of  the  high  reliability  of  tho  ship  sad  allowed  to  undertake  stops  toward 
the  realisation  of  asm's  first  flight  on  tho  shlp-sstollito  •YOSTCK** 

Chapter  HI.  Mom's  first  flight  into  Cos mie  Spseo 
Om  Ajril  12,  19(1,  tho  USSR,  for  tho  flrt  tiao  la  tho  history,  rosliso  tho  flight 
of  asm  imto  eoamie  spsoo.  Tho  eosaie  ship  •YOSTOK'  with  Soviet  pilot-c osaomsut  YU*A, 
Oscar  J  a  oa  hoard  was  shot  up  into  or  hit  of  an  larth  satellite,  Weight  of  ehip-satel- 
11  to  loss  tho  last  stags  of  oarrior-roekot  was  4725  kg*  Altitude  of  orbital  porlgoo 
was,  aooording  to  dofimito  data,  obtaiaod  oa  tho  basis  of  proceeala^  all  tho  asaaar- 
oaoato,  181  km.  altitude  of  a paces  -  327  tan*  orbital  iaoliaatioa  -  84*  57*  * 

The  rookot  took  off  freu  the  BAXKOMK  eosasdroao,  situated  in  tho  rogioa  of  47* 
northern  latitude  and  65°  eastern  loagituiAo*  The  oarrior-roekot  had  six  powor  plants 
with  total  output  of  20  Billion  hp* 

Haying  ooaplotod  its  orbital  flight,  tho  ship-satellite  landed  safely  in  tho 
rogioa  of 'the  Tillage  3ae  looks  in  tho  IbraoTsk  rogioa  of  Saratov  proriaoo* 

Tho  first  eoaaie  flight  of  a  Sorior  ei tinea  opened  an  ora  for  Ban's  diroot 
penetration  into  eosaie  space,  and  it  appears  to  bo  a  peat  aehiereaetft'in  tho 
history  of  oirilisatioa*  Realization  of  this  flight  is  tho  result  of  a  greater  planned 
program  of  oporatloas  oa  tho  ooafuoring  of  eosaie  epaee,  being  eoaduetod  in  the  USSR* 
Arraagoaoat  of  eosaie  ship  Y08TCK 

Tho  oosaie  ship  Y08TGK  has  been  constructed  oa  tho  basis  of  experioase.  doriTod 
during  tho  lauaohiags  of  first  Soriot  shlpe-aatollltes, 

Tho  ship»satollito  eons lots  of  two  basis  partes 

pilot  oabia,  in  which  tho  eosaoaaut  was  situated,  efuigaoat  to  prerido  liwiag 
conditions  and  landing  ays to  j  instrument  soot lea.  intended  for  tho  installation  of 
instruments,  fuaotloniag  during  orbital  flight,  and  braking  powor  plant  of  ship. 

After  reaching  orbit  tho  ship-aatollito  breaks  away  from  tho  last  stage  of 
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cerrior-reeket.  DuriNg  the  flight  the  sfuipmeat  oa  board  the  shlpfunetions  in  accord¬ 
ance  with  a  apaaifia  yrogran,  securing  tha  aeesuremeat  of  orbital  paraaatars,  trana- 
aissioa  to  Berth  of  telemetering  information  aad  TV- images  of  tha  cosmonaut*  two* 
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way  radio  eonmunicatien  with  Earth*  maintaining  given  temperature  o&  board  ship* 
epnditioning  of  air  ia  pilot  cabin.  The  perferannee  of  tha  equipment  was  automatic 
ally  eontrollad  *  with  the  aid  of  program  devices  os  board  tha  ship  aad  If  necessary 
by  the  pilot-consonant. 

Hie  program  of  ana's  first  flight  eallad  far  one  round  trip  around  tha  Berth. 

But  tha  construction  and  equipment  of  tha  ship-satellite  allow  to  oarry  out  nuoh 
longer  flints* 

After  completing  tha  flight  program*  prior  to  landing*  a  special  syatem  was 
emplcyed  for  orienting  the  ship  in  n  apaaifia  direction.  Than  nt  a  given  point  in 
tha  orbit  the  braking  power  plant  of  the  ship  la  out  in*  thus  decelerating  the  ship 
to  a  value  set  by  calculation.  As  result  of  this  tha  ship  begins  tha  downward  trip 
along  a  desecrating  trajectory  (fig. 167). 

The  oabia  with  cosmonaut  ia  slowed  down  in  the  atmosphere.  The 

descending  trajectory  ia  selected  so,  that  tha  over  loads  during  tha  entry  of  tha 
apparatus  into  the  dense  layers  of  tha  atmosphere  have  net  exoeaded  tha  overloads* 
permissible  for  harness*  After  the  ships  eapeule  drops  to  a  given  altitude  tha  leasing 
system  is  brought  into  operation.  Direct  landing  of  tha  pilot  eapeule  taHes  pines 
at  a  low  rata  of  spaed.  Trcm  tha  moment  of  euttlag-la  tha  braking  power  plant  to 
landing  the  ship  covers  about  8000  kau  The  duration  of  flight  elo**  tha  dees  ending 
section  is  approximately  30  ada. 

The  outer  surfaoe  of  pilot's  capsule  is  eosted  with  n  thermal  protection  layer* 
which  protects  it  spinet  burning  up  during  its  movement  along  the  descending 
section  ia  the  dense  layers  of  tho  atnssphsrs*The  eapeule  ie  provided  with  three 
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illuminators  and  two  rapidly  opening  hatches.  The  illuminators  aro  equipped 
with  heat  resistant  glass  and  make  it  possible  for  the  oosmonaut  to  oonduot 
observations  during  the  entire  duration  of  the  flight. 


Tig.  167. Schematic  drawing  of  the  flight  of  rtlP  TOSKK 
▲-car biting  sections  B-  connection  of  braking  power  plant)  C-desecat  sect. 

The  cosmonaut  eeeupies  an  ejection  aeat  in  the  ahip-satellite,  and  this  neat 
appears  to  be  hie  working  plane  in  flight.  and  if  neoeeeary  it  also  serves  for 
abandoning  ship  by  the  cosaoaaut.  Tbs  seat  is  arranged  in  snob  a  way  that  the  over 
loads  during  orbiting  and  descending  affeot  the  cosaoaaut  in  asst  favorable  direct ioa 
(chest-spine). 

During  the  first  flight  the  pilot-eosaoaeut  wore  a  protective  suit,  securing 
the  preservation  of  his  life  and  activities,  even  in  the  ease  the  eabia  bee  ones 
depressurised  during  flight. 

The  ship-satellite  carried  also 

apparatus  and  equlpaoat  necessary  for  the  viability  of  the  huaan  organism  (air 
conditioning  system,  pressure  control  system,  food  and  water,  a  system  for  renewing 
discharge  products  )| 
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flight  control  apparatus  and  system  for  aanoal  control  of  ship  (pilot* s  in¬ 
strument  panel,  instrument  panel,  manual  eoatrol  block  etc*)) 
landing  systems  | 

radio  apparatus  for  Karth-eosmoaaut  conmunieatiomj 

system  for  autonomous  registration  of  data  on  the  functioning  of  instruments* 
radio  telemetering  systems  and  various  sensing  elements) 

TV-eysten  to  observe  the  cosmonaut  from  the  ftrth) 
apparatus  recording  the  functions  (physiological)  of  man) 
braking  power  plant  of  ship) 
orientation  system  apparatus) 
flight  control  apparatus) 

radio  systems  for  measuring  orbital  parameters) 
temperature  control  system) 
electric  power  sources* 

On  the  outer  surface  of  the  ship  wore  installed  control  organs*  elements  of 
orientation  systea^  louvers  of  temperature  control  system  and  radio  antennas* 

The  pilot*  s  cabin  on  board  the  ship-satellite  le  more  spacious  than  the  cockpit 
on  an  aircraft*  The  outfitting  of  the  cabin  is  made  with  consideration  of  the  oper¬ 
ational  souvealenee  of  the  cosmonaut  in  flight  (fig*l68)*  Situated  in  his  chair* 
the  cosmonaut  can  execute  all  the  necessary  operations  connected  with  observation* 
communication  with  larth*  controlling  flight  and  in  the  ease  of  necessity  -  to 
control  the  ship* 

In  the  body  of  pilot  seat  are  built  ini  separable  bask  with  belting  (tying) 
system  for  fixing  the  body  of  the  pilot  during  eject* an  and  descent  by  paraohute) 
parachute  system)  ejection  and  pyrotechnioal  devices) 

emergency  (carried  along)  supply  of  food*  water  and  equipment*  and  radio  means 
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for  eonmaieatioa  and  direction  finding,  which  the  cosmonaut  eon  uso  whoa  landing) 
air  conditioning  system  for  proteetive  ao.it  and  paraehata  type  oxygen  unit; 


fia.l68.Inf  raal  view  of  cosmonaut  eahia  on  board  VP9TCK  shin-satellite 

1-  pilot's  panel)  2-instrument  panel  with  glob*)  3-TT-caneraj  4_illuniattor  with 
optical  orienting  point)  5-  handle  for  eon  trolling  the  orientation  of  ship) 
6-radio  receiver)  7-  containers  with  food. 

landing  of  eoonoaaut  nay  take  place  in  the  capsule  of  the  ship.  Ateh  a  landing 
method  was  tested  on  the  fourth  and  fifth  Soviet  ships ■satellites,  the  eabias  of 
whieh  housed  ezperineatal  aninals.  Provided  is  also  a  landing  variant  by  ejection 
of  seat  with  cooncnout  from  the  cabin  at  an  altitude  of  about  7  ha  and  subsequent 
parachute  descent.  This  variant  was  also  e hooked  during  the  launehiags  of  skip* 
satellites. 

The  air -conditioning  system,  installed  on  the  ship-satellite,  naintalns  in  the 
pilot's  cabin  abnormal  pressure,  normal  oxygen  eoneentratlen  at  a  carbon  dioxide 
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concentration  of  not  sort  thou  IX,  temperature  at  a  level  of  15-22°C  and 
relative  humidity  within  limits  of  3 0-7 OX,  Regeneration  of  air  composition  -  absorp¬ 
tion  of  ear  boa  dioxide  and  water  vapors  with  fsneratioa  of  corresponding  amount  of 
oxygon  -  is  rsalisod  by  employing  highly  active  chemical  eoapoands  •  The  regenera¬ 
tion  process  is  soatr oiled  automatically.  Upon  a  reduction  in  the  amount  of  oxygen 
and  ineroane  in  urban  dioxide  concentration  a  special  sensing  element  emits  a  sig¬ 
nal.  upon  which  an  auxiliary  apparatus  changes  the  working  order  of  the  regenerator. 
At  an  exeeesslve  generation  of  oxygon  the  auxiliary  mechanism  is  brought  automatical 
ly  into  action,  thus  bringing  about  a  reduction  in  oxygen  delivery  into  the  at¬ 
mosphere  of  the  cabin.  Hamid  it  y  of  air  is  controlled  in  the  same  manner. 

In  case  the  air  bee ones  contaminated  with  harmful  admixtures  (impurities), 
forming  as  result  of  live  actieity  of  the  hunan  organism  and  operation  of  the  equip¬ 
ment,  special  filters  for  the  purification  of  same  are  provided, 

Jfiintainiag  the  given  temperature  in  the  ship  during  flight  is  realized  by  a 
temperature  control  system.  It  distinguishing  feature  is  the  use  of  a  liquid  eool- 
amt  far  the  transfer  sf  heat  from  the  pilot's  cabin,  the  temperature  of  the  coolant 
is  held  at  constant.  The  cooling  agent  goes  from  the  temperature  control  system 
into  a  liquid-air  radiator.  Delivery  of  air  through  the  radiator  is  automatically 
con  trailed  depending  upon  the  temperature  of  the  tapping  apparatus.  In  this  way 
the  given  temperature  condition  in  the  cabin  is  mintained  with  greater  accuracy. 

To  maintain  stable  temperature  of  the  coolant  and  provide  required  temperature 
in  the  instrument  section,  on  its  outer  surface  is  placed  a  radiation  heat 
exchanger  with  louver  system,  the  ooatrol  of  which  is  also  automatic. 

Prior  to  descending  into  a  given  region, the  ship-eatellite , before  connecting 
the  braking  power  plant,  suet  enquire  perfectly  definite  orientation  in  spans.  This 
problem  1s  solved  by  the  orientation  system.  In  the  given  flight  orientation  is 
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realised  by  orienting  au  the  chip's  «xls  in  direction  of  the  San.  The  sensitive 
elements  of  that  system  sro  s  number  of  optloel  and  gyroscopic  sensing  elements. 

The  signals  entering  those  elements  sro  converted  is  on  electros  bloeK  isto  erne* 

■ends  regulating  s  system  of  eoatrel  organs.  Ike  orientatioa  system  provides  auto¬ 
matic  scanning  of  the  Sun.  proper  tors  of  the  ship  sad  keeping  seat  is  required 
pesitios  with  greeter  accuracy. 

After  the  ship  is  or  lasted,  st  a  specific  sobs  at  of  tina  ia  eut-in  the  deeel* 
orating  power  plast.  Comae  sis  for  oonseoting  the  oriestatios  sjrstea.  decelerating 
power  pleat  and  other  systems  are  eaitted  by  as  electron  programing  doTiee. 

To  sea sure  orbital  par  ana tars  of  ship-satellite  and  control  the  operation  of 
its  airborne  equipment  it  is  provided  with  a  radio  measuring  and  radietelemeteriag 
apparatus.  Measuring  the  movement  parameters  of  shi^and  reception  of  tolamotrle 
information  during  its  flight  is  done  by  ground  stations,  situated  ever  the  ter¬ 
ritory  of  the  usat  .  Measurement  data  are  autenatieally  transmitted  over  enmuanieatien 
lines  to  computation  eon  tors  .  where  they  are  processed  on  electreaie  computers. 

As  result  during  the  flight  are  obtained  rough  data  on  the  basic  parameter  of  the 
orbit  and  further  anveeumt  of  the  ship  is  predieted. 

The  ship  also  esrrles  the  radio  system  SICMAL,  functioning  on  a  frequency  of 
19*995  Shi*  system  servos  for  finding  the  direction  of  the  ship  and  traassdeeion 
of  aegnanta  of  telesmtering  information. 

The  TV  system  transmits  to  larth  pictures  of  the  cosmonaut,  which  allows  to 
keep  visual  control  ever  hie  condition.  One  of  the  TV  camera s  transmits  frontal 
Images  of  the  pilot,  and  the  ether  one  -  profile. 

Two  wuy  oosmnnieati  on  between  eeemenaut  and  birth  is  furnished  by  e  radio¬ 
telephone  system  operating  in  the  shortwave  frequency  range  (9.019  end  20.004  am) 
and  ultrashsrt  waves  (143*425  me). 
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The  ultrashcrtver*  channel  le  need  for  eoanuni  cation  with  ground  points  at 
distaaeea  of  up  to  1500*2000  km#  Ccmnuni  cation  error  shortwave  channel  with  ground 
points,  sitnsted  orer  the  territory  of  the  USSR,  ae  shown  by  experience,  eon  bo 
scoured  orer  a  larger  part  of  the  orbit* 

The  radio  telephone  systeai  contains  a  Magnetophone  *  allowing  to  record  the 
conversation  of  the  oosmonaut  in  flight  with  subsequent  reproduction  and  trananiaalon 
of  same  during  tho  flight  of  the  ship  orer  ground  receiving  points*  Provisions  are 
also  nude  for  radio  telegraph  transmission  by  the  cosmonaut* 

The  instruaent  panel  and  pilot* s  desk  installed  in  the  eabin  are  Intended  for 
controlling  the  operation  of  basic  ship  aystooui  and  to  secure*  in  ease  of  necessity* 
deseeat  of  ship  by  using  annual  control#  On  the  instruaent  panel  is  situated  a  nun* 
her  of  dial  instruaents  and  signal  arrangement*  electric  olook*  as  well  as  glebe  * 
the  rotation  of  whioh  is  synchronised  with  the  orbital  aovesmnt  of  the  ship*  The 
globe  gives  the  cosmonaut  the  possibility  to  determine  the  current  position  of  ship  • 
On  the  pilot's  desk  are  situated  handles  and  on-off  switches*  for  controlling  the 
operation  of  the  radio  telephone  system*  e (Strolling  the  temperature  in  the  cabin* 
and  for  connecting  annual  control  and  decelerating  power  plant# 

Special  attention  in  the  construction  of  the  eoasdc  ship  was  devoted  ^guar¬ 
anteeing  flight  safety#The  launchings  of  first  Soviet  ahlpo-satellltes  confirmed 
the  high  reliability  of  the  performance  of  their  equipment  and  devioes  •  But  on  tho 
YOSTOK  ship  additional  stops  were  taken  to  eliminate  the  possibility  on  any  acci¬ 
dents  and  to  gaarantee  flight  safety  on  it  for  aan#  Such  a  dove  topmost  tendency 
fully  asets  the  basic  problem  -  of  erecting  devices  allowing  aan  to  pentetirate  con¬ 
fidently  into  cosmic  spaas* 

To  orient  the  ship  in  ease  of  annual  control  the  cosmonaut  uses  an  optical 
orienting  point*  allowing  to  determine  the  position  of  ths  ship  relative  to  the  Xarth* 
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The  optical  orienting  device  was  mounted  on  one  of  pilot  oabin  illuminators*  It 
conoioto  of  two  annulaR  mirror-reflectors.  light  filter  aad  glass  with  scream. 

Ike  rays  ecsii'ag  from  the  lime  of  the  her  is  on.  fall  on  the  first  refleetor  and  them 
through  the  illuminator  glass  pass  cm  to  the  second  reflector  which  directs  them 
through  the  glass  with  scream  imto  the  eye  of  the  cosmonaut*  When  the  ship  is  pro¬ 
perly  oriented  with  respset  to  the  vertical  the  co— enaut  sees  in  the  field  of  virjn 
am  image  of  the  hcrison  in  form  of  a  circle* 

Through  the  central  part  of  the  illuminator  the  cosmonaut  watches  the  section 
of  terrestrial  surface  directly  under  him*  The  position  of  the  ship’s  longitudinal 
axis  relative  to  the  direction  of  flight  is  determined  by  observing  the  'eon mm"  of 
the  terrestrial  surface  in  the  field  of  vision  of  the  orionter* 

Operating  the  control  organs,  the  cosmonaut  may  turn  the  ship  in  such  a  way*  that 
the  line  of  the  her  is  on  would  be  visible  in  the  orienting  device  in  form  of  a  eon- 
centrical  ring,  and  the  hooding  of  the  terrestrial  surface  would  coincide  with  the 
heading  line  of  the  grid.  This  will  indicate  proper  orientation  of  the  ship*  When 
necessary  the  field  of  vision  of  the  orientor  can  be  covered  with  light  filter  cr 
blind* 

The  globe  mounted  on  the  instrument  panel  offers  the  possibility  to  determine 
in  addition  to  the  current  position  of  the  .  ship  also  to  predetermine  the  point 
of  its  descent  daring  connection  of  the  decelerating  power  plant  at  the  given  moment 
of  tins* 

Finally,  the  construction  of  the  ship  allows  to  descent  to  Barth  even  in  the 
case  the  decelerating  power  plant  fails*  This  is  done  by  eigen  (natural)  deceleration 
of  sobs  in  the  ataevhexe* 

Supplies  of  food  and  water,  regeneration  substances  and  the  vplurns  of  electric 
power  sources  are  intended  for  a  flight  period  of  10  days* 


232 


Whan  constructing  th§  ship  stsps  mn  kku  to  prevent  •  temperature  rise  in  ths 
•a bin  to  above  specified  Unit  whoa  its  surface  Is  exposed  to  longer  heating  periods* 
vhieh  tnkss  pines  nt  the  tine  ef  gradually  decelerating  the  ship  in  the  atmosphere* 
Medical-biological  problems  ef  nan's  flight  into  eeanie  space 

To  soItc  the  problem  concerning  the  possibility  ef  nan  flying  in  cosmic  space  and 
mtdisal  protection  sf  sane *A appeared  to  be  absolntely  neeesaary^oi 

1*  to  investigate  the  offset  of  cosnie  flight  factors  on  the  or genian*  and  to 
investigate  the  possible  ferns  and  method  ef  preteetlag  against  the  unfavorable  ef* 
foots  of  these  faetors. 

2,  to  develop  nest  effeetive  methods  of  soeuriag  neraal  living  conditions  for 
the  person  in  the  oabin  of  the  cosnie  ship. 

3,  to  develop  nathods  for  aadieal  selection  and  training  ef  eesnie  ship  ore* 
members,  and  to  develop  a  system  of  constant  medical  control  over  the  state  of  health 
and  life  activities  of  eonaonauts  during  all  stages  ef  the  flight, 

individual 

laeh  one  of  the  enumerated  problems  included  a  greater  number  of  ^  problems 
over  the  study  and  solution  ef  vhieh  specialists  in  the  field  of  physiology,  hygiene* 
psychology  *  biology*  clinical  and  professional  medicine  worked  persistently  for  the 
past  ten  years.  Investigations  have  been  conducted  under  ground  laboratory  eondi* 
tions  end  during  flights  of  animals  on  rockets*  Great  expert cnee*  accumulated  in 
applied  fields  ef  physiology  and  medicine*  especially  in  aviation  medicine  and  la 
medical  protection  in  underwater  swimming  (frogman)*  has  been  utilised*  Wherever 
possible*  special  ^euad  stands  have  been  constructed*  vhieh  allowed  under  laboratory 
conditions  which  allowed  to  investigate  the  effost  on  the  organise  of  faetors*  sating 
in  conrtc  flight*  The  effect  ef  overloads  and  organismal  endurance  to  sans  was  invest 
igated  on  centrifugal  machines  -  eentrifuges,They  reproduced  accelerations  *aaalogous 
to  the  ones  which  originate  during  the  starting  sf  ships  sr  during  their  return  to 
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Earth. 

Using  vitro  stands,  temperature,  vacuum  chambers  and  other  cash  iaataliatioaa 
was  investigated  the  effect  of  attar  faotara  oa  the  organism  .  However  laboratory 
experiments,  aa  a  rule*  could  offer  aa  answer  only  with  reapeet  to  the  effect  oa  the 
orgaaiaai  of  any  oae  of  the  factor  a,  while  in  real  flight  they  affect  the  rocket  in 
combination  and  simultaneously,  furthermore,  under  lab,eonditlons  it  was  not  poaaible 
to  investigate  the  behaTier  of  living  orgmlaaa  under  weightlessness  oonditiona. 
Consequently  a  aubstantial  atop  forward  toward  studying  the  effect  of  cosmic  flight 
eonditieae  on  the  organism  was  the  chance  of  ooaductiag  biological  inreatigatioaa 
oa  roc  kata,  which  began  in  1951* 

Sever  a  1  tone  of  experiments  hate  been  aado  during  the  flight  of  aniaala  oa  ro» 
cketa  to  altitudes  of  up  to  450  km,  Is  result  of  theae  investigations  waa  obtained 
huge  scientific  material,  characterising  reactions  of  physiological  systems  and  the 
behavior  of  animals  (dogs,  rabbits,  rats  and  mice)  along  various  flight  seetieas. 
Thorough  examination  of  experimental  animals  during  flight  and  for  a  longer  period 
of  tlma  after  their  return  to  Barth  enabled  to  draw  a  conclusion,  that  conditions 
of  flying  on  rockets  into  the  upper  layer  of  the  atmosphere  are  endured  by  living 
organisms  with  perfect  and  fullest  satisfaction*  Changes,  noticed  in  individual 
physiological  functions  during  the  time  of  flight  were  of  no  painful  nature, eft on 
they  disappeared  already  in  the  process  of  exper imputation  leaving  no  aftereffects. 

However,  in  view  of  the  shortness  of  rocket  flight,  it  was  impossible  to  in¬ 
vestigate  the  biological  effect  of  suck  important  cosmic  flight  factors  as,  long 
lasting  weightlessness  and  cosmic  radiation.  Therefore,  the  possibility  offered  in 
1957  to  use  man-made  Barth  satellites  for  biological  investigations,  appears  to  ho 
an  important  step  forward. 

The  first  such  experiment  was  carried  out  oa  the  second  Soviet  nan  made  Barth 
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satellite*  It  not  only  confirmed  but  broadened  the  data  of  previous  b \ logical  exper- 
iaanta  an  rocket a*  It  vai  poasibla  to  prove  for  tha  firat  time  that  a  laager  lasting 
stata  of  veightleseaeos  in  itaalf  doaa  not  dlarapt  tha  basle  vital  proteases. 

Biolagleal  ax  par  la*  nt  a  vara  eoatlaaad  on  tha  firat  Sarlat  ahip-eatellitee.  In 
tha  program  of  thaaa  medics 1-biologieal  investigatleas  a  nonbar  of  aav  problems  vaa 
included*  It  appaarad  ta  ba  important*  baaidaa  additional  and  nor  a  thorough  inves¬ 
tigation  of  tha  affaet  an  tha  erganlan  of  long  looting  weightlessness*  tranalant  ooa- 
ditiana  from  vaightlaaaaaaa  to  overloads  and  visa  versa,  to  ooadnet  nor a  thorough 
inrastigatians  on  tha  blologiaal  affaet  af  eoasdc  radiation*  An  important  chapter  in 
tha  program  vaa  also  tha  study  af  operational  characteristics  and  affaatlTanassas 
of  systems*  which  in  future  flight  vara  to  assure  normal  living  conditions  for  limsass 
and  guarantee  their  safe  return  ta  Sarth*  To  bring  this  program  into  realisation  tha 
first  Soviet  ship- satellites  carried  various  representative s  of  organic  verld* 
beginning  vith  simple  forms  of  live  to  higher  vertebrates* 

The  use  in  experiments  of  various  kinds  of  animals  and  plants  alloved  for  a 
full  and  detailed  investigation  of  the  effect  of  cosmic  flight  conditions  on  the 
mast  variegated  proeeases  and  functions  of  organisms*  Tory  broad  la  the  information 
on  tha  behavior  and  stata  of  physiological  funetioaa  of  experimental  deg*  during  tha 
time  of  flight*  Tha  behavior  of  aaimals  was  obscured  with  tbs  aid  of  speeial  T T» 
systems*  Analysis  of  obtained  data  shaved*  that  animals  not  only  preserve  its  via¬ 
bility  under  eonditioos  of  long  weightlessness  and  subsequent  affaet  of  overloads* 
but  no  ill  offsets  ora  revealed  in  tha  stata  of  their  basie  physlologltal  functions* 
Thorough  aanmisatien  of  animals  after  flight  also  revealed  ao  deviations  from  norssl* 
Tory  serious  attention  vaa  devoted  to  tha  deteetiou  of  possible  offsets  of 
eoanie  radiation  in  flight  an  the  ship-satellite*  Numerous  methods  ussd  in  solving 
this  prtblem  revealed  no  changes*  which  eould  ba  attributed  t#  ionising  radiation* 
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Result*  sf  medico- biological  investigrtions  on  cosmic  ships-satsllitss  allowed 
to  make  a  highly  important  and  responsible  conclusion,  It  nos  admitted,  that  flights 
on  shi ps> satellites  in  an  orbit,  situated  knowingly  belov  the  near  Barth  radiation 
belts,  appear  to  be  safe  for  highly  organized  represents  tires  of  the  animal  world* 
Results  of  biological  experiments  wars  used  for  solving  the  problem  concerning 
man's  flight  endurance  conditions* 

On  these  bases,  as  well  as  on  the  bases  of  laboratory  test  results,  was  drawn 
a  eonelusioa  with  rtsspaot  to  man's  flying  without  ill  sffsots  to  his  bsalth. 

Training  of  cosmonauts.1 

The  first  eomnic  flight  could  be  carried  out  only  by  a  person,  who*  realising 
the  eaormsas  responsibility  of  the  undertaking  confronting  him*  would  willingly  and 
freely  volunteer  to  devote  all  his  knowledge  and  efforts,  and  possibly  also  his  life, 
in  the  realization  of  this  outstanding  task.  Thousands  of  Soviet  citizens  -  pa¬ 
triots  of  their  country,  of  various  ages  and  professions,  have  expressed  their 
willingness  of  flying  into  cosmic  space.  The  Soviet  seientists  were  confronted  with 
the  problem,  of  scientifically  choosing  the  first  eoamenauta  from  among  the  large 
number  of  desiring  persona* 

In  carrying  out  a  cosmic  flight  the  person  is  exposed  to  a  whole  complex  of 
outer  medium  factors  (  acceleration,  weightlessness  ate*),  to  considerable  nervous 
emotional  strains*  requiring  of  the  parson  mobilization  of  all  its  moral  and  phys¬ 
ical  forces.  The  cosmonaut  mist  be  able  to  maintain  a  high  degree  of  operational 
activity*  ho  anet  have  a  knowledge  of  orienting  himself  in  a  difficult  flight 
condition  and  when  necessary  take  over  control  of  the  cosmic  ship.  Ill  this  set 
high  requirements  concerning  the  stats  af  health  of  the  cosmonaut,  his  psyehit  qual¬ 
ities,  level  of  his  general  and  technical  training* 

Those  qualities  are  moat  fully  combined  in  tbs  profession  of  a  pilot. 
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The  activity  of  a  pilot  determines  already  the  stability  of  the  nervous-emotional 
sphere  of  the  person,  its  good  volitional  Qualities,  and  this  is  of  special  importance 
for  first  cosed. c  flights.  Next  the  category  of  persons,  participating  in  such  flights, 
should  be  unconditionally  and  can  be  broadened  considerably. 

When  setting  up  a  group  of  aoamonauts  interviews  were  held  with  a  greater  mun- 
ber  of  fliers  expressing  the  desire  to  carry  out  the  cosmic  flight.  The  best  ones 
prepared  of  these  underwent  thorough  clinical  and  psychological  examinations.  The 
purpose  of  such  an  examination  wasi  to  determine  the  condition  of  health,  to  reveal 
hidden  deficiencies  or  reduced  orguiisaal  stability  to  Individual  factors,  charac¬ 
teristic  of  the  fcr  the  casing  flight,  to  evaluate  the  r  emotion  of  the  person  during 
the  effect  of  these  factors, 

examinations  were  mads  with  the  use  of  numerous  modern  bloc  heal  cal,  physiological 
electrophyslologieal  and  psychological  methods  and  special  functional  testa,  allowing 
to  estimate  the  reserve  possibilities  of  basic  physiological  systems  of  the  organism 
(investigation  in  the  bar  cam  trie  chamber  at  considerable  degrees  of  air  rarefaction, 
at  barometric  pressure  drops  and  breathing  csygen  at  higher  pressure,  investlgatioa 
ea  the  centrifuge  ete,). 

An  important  phnae  was  psychological  examination,  which  was  directed  for  the 
exposure  ef  persons,  faaviag  fiaeet  memory,  alertness,  active  easily  changing  atten¬ 
tion,  oepeble  of  rapidly  developing  accurate  coordination  movements. 

As  result  of  the  clinical- physio logical  examinations  wee  formed  a  group,  which 
began  carrying  out  the  pro-am  of  epeoiel  training,  training  so  special  stands  sad 
trainers,  imitating  under  ground  and  flight  conditions  the  factors  of  oocade  flight. 
Simultaneously  ware  determined  the  individual  reactio  characteristics  of  the  organism 
to  the  offset  ef  imitated  factors, 

She  special  training  program  was  intended  so  that  tbs  comaooauts  would  eo Quire 
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uoitH rjr  data,  on  basic  theoretical  problems  connected  vith  problems  of  the  forth 
coming  flight*  as  mil  as  practical  habits  in  tha  use  of  tha  equipment  and  devices 
in  tha  cabin  of  tha  cosmic  ship*  This  pragma  aallad  for  studying  tha  basas  of 
roekat  and  o conic  technology*  construct ion  of  cosmic  ship*  spaeial  astronomical 
problaas*  problaas  of  gaophgraies*  foundations  of  cosmic  mod  loins* 

Tha  program  of  spaeial  training  and  tasting  included  t 


flights  on  aircraft  under  weightlessness  conditions)  training  in  a  nodal  cabin  of 
a  cosmic  ship  and  on  a  spaeial  trainer)  longer  stay  in  a  specially  equipped  sound 
proof  o banker)  training  on  a  centrifuge)  parachute  jums  from  aircraft 

During  tha  execution  of  special  training  tasks  vara  also  solved  oar  tain  prob¬ 
lems  of  soeuring  tha  condition  for  nan*s  cosmic  flight*  portleulsrly  ouch  problems 
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connected  with  feeding  the  cosmonaut  in  flight*  hie  clothing,  with  eir  regeneration 
system, 

During  flights  on  aircraft  wore  investigated  the  individual  reactions  of  cosme- 
naute  during  the  effects  of  weightlessness  and  transition  from  weightlessness  to 
over  leads.  Investigated  was  the  possibility  of  carrying  on  radio  ecmnunloation,  recei¬ 
ving  water  and  food  and  so  on.  This  made  it  possible  to  reply  to  amaerous  important 
questions  on  the  possible  actions  of  man  under  cosmic  flight  conditions. 

It  was  established,  that  all  selected  cosmonauts  fare  well  in  the  atate  of 
weightlessness,  furthermore,  it  was  established,  that  under  weightlessnesa  conditions 
lasting  40  seconds,  it  is  possible  to  receive  liquid,  semi-liquid  and  solid  food, 
execution  of  snail  coordinated  acts  (  writing,  pur  pose  full  movements  of  hand), 
carrying  on  radio  communication,  reading  and  visual  orientation  in  space  as  well). 
Training  in  a  make  believe  cosmic  ship  cabin  and  on  special  trainer  were  carried 
cut  for  the  purpose  of  studying  the  equipment  and  evices  of  the  cabin,  development 
of  variants  of  flight  mission,  adaptation  to  being  in  a  real  oabin  of  a  cosmic  ship, 
for  this  was  created  a  special  stand-trainer  which  with  the  aid  of  electron  modulating 
devices  allowed  to  reproduce  on  the  instruments  the  real  changes,  corresponding  to 
such  in  flight.  The  actions  of  the  pilot  also  corresponded  to  real  cues,  Provisions 
were  made  for  imitating  unusual  (emergency)  flight  variants  and  to  train  the  cosmo¬ 
naut  at  similar  situations. 

The  main  problem  of  investigations  during  longer  stay  in  a  specially  equipped 
sound  proof  chamber  was  to  determine  the  nervous-psychic  stability  of  the  cosmonaut 
during  his  longer  stay  in  isolated  space  of  limited  volume,  all  by  himself,  at  a 
considerable  reduction  of  outer  stimuli.  Conditions  of  dey  and  feeding  conditions 
have  been  reproduced,  eleee  to  the  ones,  which  will  take  place  in  real  fli^t* 
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▲  larger  scope  of  physiological  investigations,  and  apaeial  psyche-physiologi- 
eal  aetheds  anablad  to  rsveal  persons  with  higher  precision  qualities,  accuracy  la 


Tliul70,  Ob  the  startina  platf«i  before  the  fllafct  of  ship  Tgggg  j»t»  see- 

Whan  training  on  tha  centrifuges,  in  thsraal  ohanbara,  was  detcraiaed  the 
individual  endurance  of  the  cosMonaut  to  corraspooding  affects,  their  offset  an 
the  process  of  iasie  physiological  functions  was  investigated,  groblaas  of  increasing 
the  resistance  of  the  organ! as  to  footers  created  by  outer  aedlun  have  bean  solved. 

It  was  established  on  the  basis  ef  results,  that  cssaonauts  have  excellent  stability 


against  the  effects  of  above  mentioned  factor at  peraoaa  were  revealed,  which  with 
atood  tke  testa  better  than  others. 

In  the  paraehate  training  process  each  cosmonaut  executed  several  tens  of  jumps. 

Physical  training  of  the  cosmonaut  group  consisted  of  planned  occupations 
and  earls  morning  exercises.  Planned  occupations  were  carried  out  with  consideration 
of  individual  characteristics  of  physical  development  of  each  cosmonaut. 
Early  naming  exercises  wars  conducted  daily  for  one  hour  and  its  purpose  was  geaontl 
physical  training.  Physic ©cultural  exorcise  were  intended  for  the  purpose  of  raising 
the  stanlna  of  the  or  genian  to  the  effeots  of  accelerations,  development  and  improve 
ment  of  habits  of  freely  mastering  the  body  in  space,  raising  the  ability  of  enduring 
long  lasting  physical  stresses. 

Physical  training  was  executed  under  constant  surveillance  of  a  doctor  (MD)  who 
selected  especially  fitting  gym  exercises,  games.  Jumping  into  the  water,  swlmning 
and  physical  exorcises  on  special  installations. 

After  completing  the  special  training  program  was  organized  direct  training 
for  the  forthcoming  cosmic  flight.  This  training  included  t 

study  of  flight  missions,  study  of  maps  o  f  landing  region,  piloting  instructions, 
carrying  on  Audio  oomaanloatlon  etc  t 

studying  emergency  supply,  utilisation  of  sans  at  point  after  landing,  study 
of  direction  finding  sjratem  etc) 

centrifuge  testing  in  protective  clothing  at  naTlnnm  values  of  anticipated 
overloads) 

long  lasting  testing  in  a  make  believe  oosmic  ship  using  all  the  systems  prev¬ 
ising  tha  conditions  for  active  life. 

As  result  of  the  scientific-training  operations  was  selected  a  group  of  cosmo¬ 
nauts.  reedy  for  flight  into  coomic  space. 
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To  bring  aa'i  first  cosmic  flight  into  realisation  fro*  the  gtoup  of  cosmonauts 
mi  Mlsetsd  pilot  major  Turiy  Alekseyevich  Gagarin. 

Tho  remarkable  Soviet  eitissa  Y'u.A.Qagarin,  was  born  on  March  9»  1934  1a  the 
hoschold  of  a  collective  farmworker  •  His  long  dream  was  to  became  a  flier*  Haring 
finished  in  1957  the  Orenborg  Aviation  School*  he  graduated  as  military  fighter  pi¬ 
lot  specialist*  Tu*A*Qagarin  serred  in  one  of  the  Armed  forces  Components  of  the  USSR 
Upon  his  insiston  appeal  he  was  included  in  the  group  of  cosmonaut  candidates  and 
successfully  passed  the  selection*  When  the  eoaaeaaut  group  was  in  training  Yu. A* 
Qagarin  was  one  of  the  best* 

The  great  confidence  in  being  the  first  in  the  world  pilot-cosmonaut  was  fully 
Justified  by  the  capabilities  of  Yuriy  Alekseyevich  Qagarin* 

first  Cosmic  flight 

The  blest  off  of  the  cosmic  ship  VOSTQK  took  place  cm  April  12*  1941  at  9  hr a 
7  nia*  Moscow  tine* 

During  the  entire  time  of  orbiting  pilot-cosnonaut  Yu. A. Qagarin  maintained  eea- 

greunl 

tiheus  radio  telephone  communication  with  the  A  flight  vectoring  center*  He 
transmitted  precise  data  on  the  changes  in  overloads  at  the  moments  the  stages 
separated  themselves  from  the  esrricr  rocket*  The  noise  in  the  cabin  of  the  ship 
was  not  greater  than  in  a  cockpit  of  a  jot  aircraft*  Already  at  the  tins  of  orbiting 
Yu. A* Qagarin  observed  the  Barth  in  the  illumiaaters  * 

Operation  of  board  equipment  during  flight  in  orbit*  orientation  and  descent 
of  ship  wore  controlled  autoMtieally*  However*  in  case  of  necessity*  the  cosmonaut 
upon  his  own  desire  or  upon  0  remand  from  Barth  could  take  ship  control  into  his  out) 
hands*  determine  its  position  and  descent  into  selected  region* 

Weightlessness  cans  lamed  lately  after  the  ship  esas  into  orbit*  At  first  this 
condition  felt  like  something  unusual  for  the  cosmonaut*  but  soon  he  became  used 
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to  It  and  did  not  mind  it. 

In  conformity  with  the  nieaion  and  flight  program  he  watched  the  operation  of 
chips  equipment,  he  was  in  constant  telephone  and  telegraph  radio  ecanunieatloa  with 
the  Xarth*  did  his  observations  in  the  illuminators  and  in  the  optical  orienter, 
reported  to  Xarth  and  dotted  dewn  ebserretion  data  into  the  leg  book  on  board  the 
ship  and  on  a  nagnetic  tape,  took  food  and  water* 

The  pressure  in  the  cabin  of  the  ship  during  flight  was  maintained  at  750*770 
am  Be*  air  temperature  at  19-22  °C,  relative  humidity  62-71X* 

The  surfaee  ef  the  Xarth  was  well  aurwe/4  from  an  altitude  of  ap  to  300  kn* 

Tory  well  risible  wore  the  share  lines*  larger  rivers*  contour  of  the  Xarth* a  sur¬ 
face*  forests*  clouds  and  shadows  from  the  clouds*  when  flying  over  the  territory 
of  our  country  Yu*A*Cagarin  observes  the  larger  stretches  of  oolleotive  fane* 

The  sky  •  absolutely  black*  The  stars  on  it  looked  maeh  brighter  and  wore  more 
clearly  visible*  -than  from  the  Xarth*  The  Xarth  has  a  very  beautiful  bluish  halo* 
Colors  on  the  horizon  change  from  so/rt  blue*  through  blue*  gray*  violet  -  to  black 
color  of  the  sky*  When  coming  out  from  the  shadow  at  the  horizon  of  the  Xarth  one 
eauld  observe  a  bright  orange  color*  which  then  changed  into  all  the  colors  ef  a 
rainbow* 

At  9  hra*  SI  min*  the  automatic  orientation  system  of  the  ship  was  cut  in* 

After  coming  out  from  the  shadow  echoing  function  was  carried  out  and  the  ship  was 
oriented  toward  the  Sun* 

At  9  hra,  52  min  cosmonaut  YU*A*Gagagria  flew  over  the  notion  of  Capo  Barn* 
reported  about  his  good  a to to  of  health  and  normal  functioning  of  the  equipment  cm 
board  the  ship* 

At  10  hrs*  15  min  from  the  automatic  pregrasadag  installation  wont  out  commands 
for  readying  the  beard  equipment  for  eoaaootioa  of  the  decelerating  power  plant* 


243 


it  that 


moaont  tha  ship  approached  Africa  and  trm  Ya.A«Qagarin  arrived  a  l"****|* 
about  tha  preeaaa  of  tha  flight. 

At  10  hrs,  25  nia*  tha  decelerating  power  plant  vaa  connected  and  tha  ahlp  changed 
into  orbit  of  an  Karth  aatallita  following  a  descending  trajectory. 

At  10  hrat  35  nia  tha  ahlp  began  entering  tha  danse  layers  of  tha  ataoaphsre. 

Haring  eoapletod  tha  first  in  thr  world  eoaaic  flight  with  a  eoanonaut  oa  board, 
tha  ship-eateliitc  TOSTOC  landed  at  a  giran  region  at  10  hre,  55  ninjfosoew  tlw. 


Tig.l7i ,  IjrU.Hagrf'Via  reports  ewer  tha  tolephcaa  to  aovade 
M.S^hraahchaw  about  his  safe  landing, 
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Ik*  veil  being  of  Yu.A. Gagarin  during  all  the  atagaa  of  flight  we  satisfactory 
He  maintained  complete  egoist  I  ■snttl  tyr  freedom  of  operation. 

Highly  interesting  are  the  data.  oharasterisiag  the  change  in  the  condition  of 
the  eardio-raseular  and  respiratory  ay  stews  of  the  eosasaaut.  Oaring  the  pre-blast 
off  period  Tu.A.  Gagarin*  a  poise  frequency  was  66  beets  per  minute,  and  the  respiration 
frequency  -  24.  At  the  orbiting  section  the  pulse  frequency  rose  to  UjD-158,  end 
respiration  frequency  was  20-26.  When  weightlessness  cane  the  eardio-raseular  and 
respiratory  system  Indices  gradually  cane  dawn  to  the  initial  values.  At  the  tenth 
ninate  of  weightlessness  pulse  frequency  was  97.  respiration  •  22* 

During  the  descent  under  the  effect  of  overloads  short  periods  of  respiratory 
increases  have  bean  netised.  however  when  approaehing  lurth  respiration  beeane  calm 
with  a  frequency  of  about  16  per  min.  three  hours  after  the  landing  the  pulse  fre¬ 
quency  was  68.  respiration  -  20  per  win.  which  corresponds  with  the  normal  condition 
of  Ih.A.  Angevin. 

After  returning  from  cosmic  f lighten. A. Gagarin  feels  ft* ns  .  There  are  no  dis¬ 
orders  in  the  state  of  his  health. 

The  first  in  the  history  of  humanity  flight  into  cosmic  spaoe.  carried  cut  by 
Soviet  eeamesaut  Th.A.Oagarln  on  board  the  ship-satellite  TOSTCK.  allowed  to  make 
a  conclusion  of  enormous  seieatlfle  importance  about  the  practical  possibility  of 
man*s  flight  into  coeaoo.  Be  has  shown,  that  a  person  can  normally  endure  condi¬ 
tions  of  eosmle  flight,  conditions  of  orbiting  and  return  to  the  surfaoe  of  the 
Barth.  This  flight  has  proven  that  under  conditions  of  weightlessness  a  person  earn 
fully  retain  freedom  of  operation,  motional  coordination,  clearness  of  thought. 

The  flight  furnished  extremely  valuable  data  on  the  performance  of  the  const¬ 
ruction  and  equipment  of  the  eosmle  ship  in  flight.  Phil  confirmation  has  boon 
furnished  of  the  scientific  and  technical  solutions,  on  which  that  construction 
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was  kMdf  Approval  was  given  to  the  reliability  of  the  carrier -roeket  sad  structural 
per fee ties  of  the  a hip- satellite* 

.SfgftlMiffiBL 

The  creation  of  nan-aede  satellites*  launo kings  of  eosMe  rockets  toward  the 
Moon  aad  Tews*  flints  of  first  eoaido  ships  with  return  to  larth*  rel/«,2atioa  of 
the  first  in  the  history  of  eooaie  flight  wan's  flight  hows  heralded  the  advent  of 
an  ora  when  interplanetary  space  will  be  westered* 

Only  three  years  have  passed  frow  the  tiwe  when  the  first  wan  wade  celestial 
body  was  art*  -  the  first  Soviet  nan-wade  larth  satellite  cawe  into  being*  Oaring 
this  relatively  short  period  of  tiwe  we  have  witnessed  a  whole  aeriaa  of  grandiose 
ecleatifle  end  teehaioel  aehievawents*  whleh  only  recently  appeared  to  he  a  far  off 
dr  saw* 

In  ear  tiwe  science  and  technology  are  waking  annually  greater  aad  greater 
strides*  The  technology  of  ooawie  flights  is  developing  extrewoly  intensively* 

The  flight  of  Soviet  eoawle  ship  TOSTOK  carrying  on  beard  the  first  eoswenaat 
najer  <4garing  TkuA*  appears  to  he  an  onyraaadented  victory  of  wan  over  the  forces 
of  nature*  a  decisive  step  in  wen's  penetration  into  the  eoswee* 

Condo  devices  of  various  types  will  find  broader  aad  broader  application 
in  solving  various  scientific  aad  praetieal  preblews. 

The  tiwe  has  sews  for  praetieal  realisation  of  the  hitherto  fantastic  projects 
-  ths  tins  for  ths  erection  of  extraterrestrial  scientific  stations*  cosale  journeys 
of  nan  to  the  Neon*  Ihrs*  Tanas  and  other  planets  of  the  solar  eystew*  aad  then  even 
beyond  their  Unite* 

Solution  of  these  grandiose  preblews  requires  eaerwous  collective  erectional 
forces*  farther  developwemt  of  nany  fields  of  the  are  tie  end  axperiwental  science* 
assy  branches  of  technology* 
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The  Soviet  Union  kii  firnljr  taken  the  lead  in  the  realisation  of  eoaaie  flights. 
Rapid  development  of  eeienee  and  technology  in  our  country  and  the  creative 


enthneiaam  of  onr  people*  guided  by  the  Caanamlat  Forty,  are  e  reliable  guarantee, 
that  in  the  field  of  non  conquering  the  eoea(J|prierity  and  leading  position  henee* 
forth  belong  to  the  USSR. 


Appendix  1, 


Basie  depondeneiee  of  notion  in  the  dentral  field  of  gravitation* 

Integration  of  equations  of  notion  of  the  material  point  in  central  field  of  grav¬ 
itation 

Bguatioas  of  motion  have  the  fora  of  (see  chapter  1)  t 

r*e  «=  tyo  cos  (2) 


According  to  the  eeoond  equation 

▼  <3 


(3) 


hut  v  wa  he  presented  in  fora  of 


4r  Ti 


s 


and  consequently 


r* 


<«> 


Baring 


substituted  (3)  and  (1)  in  agnation  (1),  we  will  obtain* 

(fa) 

[fil - P - + ?  '  *  r«  ' 


rfr  ty,  coa1 0, 

rff  r* 


I  r*  r,  ^ 
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-  /  -£C 

^.-7; - ? - +  T 


for  the  oobtibImn  of  integration  we  will  introdaee  a  constant  ralae  Ve®**^" 1 
under  the  oiga  of  tho  differential  is  the  numerator,  sad  vo  will  also  add  aad  cose* 
pat#  tho  rolno  I*  •m£0  in  tho  radiooat. 


(5) 


Am  rooult  «o  vill  obtaisi  _J^Vieo|tt  ^  JL  __ ^ 

n  .  %m  .  11'"%  ~jvZ<*\ 

y  (*•  %  +V*rJco*#J  l  r  V. ’ 

Integration  of  this  f omnia  loads  to  equation  of  tho  orbits 

V/.eoi#.  K 


./r-^+  — K- 

\  *  r*  Vjrjjco.  0B 

where ^  -  integration  coast  oat  -depends  opes  tho  beginalac  of  calculating  aWglesy. 
Equation  of  orbit  (6)  eoa  bo  presented  in  form  of  s 


if  Am,*.  1  rr--  jf»  >  . 
,+rVn'  ^T+^rr1'- 


(7) 


or  introducing  designations 


y*A* <*♦, 

- j — 

(8) 

y  •  r*  Fjfjeo^t,' 

(») 

ia  fora  of  • 


1  +«ow(f-*)- 


110) 


Dotondaiag  Boried  of  Rotation  ever  elliptical  Orbit 
fHo  ooetorial  velocity  of  tho  notorial  point,  soring  oror  an  olliptieal  orbit 
ia  tho  control  fiold  of  gravitation,  is  eonstaat  aad  ovule  2  T0  r0cos^  (000  chap¬ 
ter  1).  aad  tho  aroa  oaoonpassod  hgr  tho  olliptieal  orbit  (area  of  tho  ellipse),  is 
ab.  whore  a  aad  b  -  larger  aad  enallor  ooadSTls  of  tho  ellipse  respectively. 
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Coneequently.the  period  of  rotation  (round  trip)  (tine  of  full  rotation  of  the 
point  in  orbit)  will  bo  equals 


Tor  tbe  ollipoo  vo  bare 


2m* 

T “  V.coe#,  • 

(ID 

Clin) 

*“T^?  • 

C/lt J 

--f 

Oh) 

(12) 

bonoa 

and  eonaeqpently 


Keying  oubotitutod  in  (11)  the  value  b  frees  (12)  and  p  from  (8)  wo  will  obtain 
after  elaaentary  traaeferna  a  foruula  ,  determining  the  period  of  rotations 

r-2«j/^.  MS) 
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